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Views of CHERRY-BURRELL 
FINELINE HEATER in plant of 
Echo Dairy, Cleveland. The FINE- 
LINE HEATER is furnished in 
capacities up to 10,000 Ibs. per 
hour and is complete with hot 
water mixing tank, motor-driven 
circulating. pumps, heating jet, 
base, water piping, water ther- 
mometer and pressure gauge. 


REASONABLY PRICED -- POSITIVE -- NO OVER- 
HEATING -- NO UNDERHEATING -- MODERN 


Every particle of milk is quickly brought to pasteurizing temperature with a heating 
medium only a few degrees higher than the milk, by the new, reasonably priced Cherry- 
Burrell FINELINE HEATER. Processing time is reduced . . vats are used for holding 
only . . plant capacity is increased and operations speeded up without exvenswe alter- 
ations im or additions to existing equipment . . cream line is wmproved. Positive, accu- 
rate control is assured by generous heating surface, large-volume circulation of water at 
a temperature within one or two degrees of the final milk temperature, a steam pressure 
regulating valve maintaining an even steam pressure, an even flow of milk, proper bal- 
ance of all parts of the entire heater unit and the use of a good controller. And the 
new Cherry-Burrell FINELINE HEATER is priced so that its installation is not bur- 
_ densome even in these times. Ask us for further interesting details. CHERRY-BUR- 
RELL CORPORATION, 427 W. RANDOLPH STREET, CHICAGO. Branches at 
BALTIMORE, BOSTON, CEDAR RAPIDS, CINCINNATI, CLEVELAND, COLUM- 
BUS, DETROIT, LITTLE FALLS, MILWAUKEE, NEW YORK, PITTSBURGH, 
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England and Associate Distributors in other important cities. 
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An Outstanding Geature of 
Kimble Dairy Glassware 


RDINESS—resistance to shock—and the nat- 
ural strength necessary to withstand the daily 
routine of test and control work, are valuable 
features of Kimble Dairy Laboratory Glassware. 
The secret of this unusual shock-resistance is the 
famous Kimble retempering process. Every piece 
of Kimble Glassware passes through a specially- 
designed lehr or retempering oven and all strains 
and weak spots are thereby eliminated. 

This feature, however, is but one of the many 
reasons for the wide preference for Kimble ware. 
All calibration lines and numerals are deeply 
acid-etched and filled with a durable fused-in 
glass enamel. Every piece is tested and retested 
for accuracy and carefully inspected to eliminate 
those with blemishes, stones and strice. Every 
piece enters your laboratory perfect in construc- 
tion and ready for reliable performance. 

Rely on Kimble Glosswore os 
“AMERICA’S STANDARD OF ASSURED ACCURACY” 


Stocked by leading Dairy Supply Houses 
throughout the United States and Canada. 


KIMBLE cuass co 


VINELAND, N. J. 


New York, Philadelphia, 
Boston, Chicago, Detroit 


Has STABILITY and 
QUICKER ACTION 


‘Tie two important features necessary in 
an efficient hypochlorite sterilizer are Sta- 
bility and Quick Germ-Killing Action. 
B-K possesses both: Stability for assur- 
ance of always making the proper strength 
solutions; Quick Germicidal Action be- 
eause of the quick release of hypochlorous 
acid due to its low alkalinity. 

The B-K formula is the result of 20 years 
of development. It has the proper balance 
for efficient, dependable sterilizing. B-K 
is a concentrate of remarkable stability 
and provides a sterilizing rinse which 
quickly releases its hypochlorous acid con- 
tent thereby insuring lightning speed in 
killing bacteria. 


The New B-K POWDER 


B-K Powder is the result of over 10 years 
of extensive research and laboratory tests. 
It contains 50 percent available chlorine 
and can be used either to make a stock 
solution or added direct to rinse water. 
B-K Powder carries the same guarantee 
for stability and quick-acting germ-killing 


power as B-K Liquid. 
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For Quantity Discounts and Interesting 
New Bulletins on Sterilizing write to 


General Laboratories, Inc. 


729 Dickinson St. Madison, Wis. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Photo shows entrance to 
Dairy Building at the 
World’s Fair, Chicago. 


PFAUDLER 
INVITES YOU 


to attend the Chicago World’s Fair and visit the ex- 
r hibits in which it is represented. 

“A Century of Progress Exhibition,” now in full 
swing, is colossal beyond description. The thing to do 
is to pack your bags, go to Chicago and see for yourself. 

It is a review of the past and a peek into the 
future. Never has anything on such a scale been so 
successfully coordinated. In Chicago’s 3% mile “front 

yard” are 44 state exhibits, 19 foreign government ex- 
¢ hibits and hundreds of industrial exhibits including 
two in which Pfaudler is represented . . . “The His- 
tory of Transportation”’ in the Travel and Transporta- 
tion Building (the glass lined tank car) and “The 


PFAUDLER 


Porcelain Enamel Parade” in General Exhibits Build- 
ing. You are most cordially invited to visit these. 

The Dairy Industry may be proud of its living ex- 
hibit “A Vital Story of Human Progress.” By all 
means see it. 

If you have time to say “hello” at our Chicago office, 
1442 Conway Building (in the Loop) by all means do 
so, or if you are traveling through Rochester or Elyria 
on your way out, let us show you through the factories, 
which are also in full swing. 

The Pfaudler Co., Executive Offices, Roch- 
ester, N. Y., Branch Offices, New York, Elyria, 
Chicago, San Francisco. 


Glass Lined 
EQUIPMENT 


The illustration shows the new Stainless Steel Mojon- 
nier Vacuum Pan with new type stainless steel coils. 
This pan is equipped with a new type Mojonnier ex- 
ternal condenser. This condenser is an improvement 
over former methods and can be supplied for pans 
already in service. The advantages of this condenser 
are: 


A high temperature water supply can be 
used in a very efficient manner. 
Condensing water cannot splash back into 
the evaporating chamber. 


Evaporated vapors do not recondense in 
the evaporating chamber. 


A saving of from 17 to 36% in the amount 
of water required results, depending on 
of the ingoing condensing 
water. 


Write for full particulars, or drop in at our offices 
when visiting the Century of Progress exposition. 


MOJONNIER BROS. CO., 4601 W. Ohio St, Chicago, Ill. 


VACUUM CONDENSING UNITS 


This NEW External Condenser 
provides ADDED EFFICIENCY 


Your advertisement is being read in every State and in 25 Foreign Countries 
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ANY QUALIFIED MILK DEALER CAN NOW OFFER 


IRRADIATED 
Vitamin D Milk 


a No doubt you have been following with keen in- 
terest the recent developments in methods of impart- 
ing Vitamin D to milk. Clinical tests show that milk 
thus enriched definitely prevents rickets, when reg- 
ularly included in the child’s diet. It contributes to 
adolescent development of sound bones and teeth. 


It is an invaluable diet protection against mineral 
deficiency in mothers during the pre-natal and nurs- 
ing period. Numerous leading authorities believe 
that the effects of milk so enriched are needed 
throughout adult life. 


You therefore will welcome the news that milk deal- 
ers can now produce this milk in any volume simply 
by irradiation, or the exposure of milk to ultra- 
violet rays, before pasteurization. 


Not only does Irradiation bring control of the 
Vitamin D enrichment process into the milk plant, 
but it also reduces the cost to the point where 
Vitamin D milk can be enjoyed by all the people. 
Indeed, some executives see in it the industry’s 
greatest commercial opportunity since pasteuriza- 
tion. 


The CP Irradiator by which this step is accomplished, has now definitely passed through 
its long experimental stage and can be employed by any dealer licensed by the Wisconsin 
Alumni Research Foundation. 


Several CP Irradiators are now in routine operation, supplying milk to all or a large part 
of the customers of some of the country’s most progressive dairies. Numerous other firms 
are engaged in considering the change- over of part or all of their milk run, as a health 
contribution to their communities and as a means of insuring more adequate sales revenue. 


You undoubtedly will be called upon. to help consider Irradiation in your plant and will 
need to be familiar with the various commercial and medical phases of Irradiated Milk, as 
well as the mechanical design and operation of the CP Irradiator itself. Please feel free 
to ask us for full information. 


THe CrEAMERY PackaGe Company, 1243 W. Washington Blvd., Chicago, 
Ill. Branches: Atlanta, Boston, Brooklyn, Chicago, Denver, Kansas City, Los 
Angeles, Minneapolis, Omaha, Philadelphia, Portland, Ore., San Francisco, Seattle, 


Toledo, Waterloo, Ia. 
Your advertisement is being read in every State and in 25 Foreign Countries 
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A MODIFICATION OF THE METHOD FOR THE DIRECT MICRO- 
SCOPIC EXAMINATION OF ICE CREAM AND OTHER 
DAIRY PRODUCTS 


A. C. PAY 


In the bacteriological examination of ice cream it is frequently desirable 
to determine the general morphologic types of microorganisms present, to 
study and perhaps enumerate the leucocytes, or to ascertain the original 
bacterial content of a pasteurized mix. Obviously, the microscopical exam- 
ination of a stained preparation best serves this purpose. 

The original method described by Prescott and Breed (1910) and later 
applied to milk by Breed (1911) has been modified by Fabian (1925) for 
the examination of ice cream, by Hammer and Nelson (1931) for butter, 
and by Pien and Baisee (1931) for milk. In the original method a small 
capillary pipette graduated to deliver 0.01 ¢.c., is used for measuring the 
sample. This volume of milk is spread over an area of one sq. em., allowed 
te dry, fixed, stained, and examined with a standardized microscope. The 
small capillary pipettes. present a serious difficulty in measuring viscous 
fluids such as heavy cream, ice cream, and condensed milk. 

Fabian (1925) proposed that in applying the direct microscopic method 
to ice cream, 0.01 gram of the mix be weighed on a carefully counterpoised 
glass slide by means of an analytical balance. The 0.01 gram sample is then 
spread over one sq. em. in the manner prescribed for milk. Although this 
method of procuring a sample of viscous material is more accurate than the 
use of a capillary pipette, the evaporation during weighing introduces an 
appreciable source of error. Accuracy in the weighing of the 0.01 gram 
sample necessitates two tedious and time consuming manipulations of an 
analytical balance. 

The following procedure for preparing the smear of viscous materials 
has been found to eliminate some of the difficulties and to possess several 
distinct advantages. One-tenth c.c. of the sample is placed on a chemically 
clean glass slide of standard size (1x3 inches). Two to four drops of 
sterile (or boiled) water are added and the mixture spread evenly over the 

Contribution No. 147 from the Department of Bacteriology, Kansas Experiment 


Station, Manhattan, Kansas. 
Received for publication August 2, 1932. 
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entire surface of the slide. The purpose of the water is merely to facilitate 
the spreading of the sample over a comparatively large area. The smear 
thus prepared is allowed to dry and is then stained in the usual manner as 
described by Breed (1911) or by Newman (1927). 

If the diameter of the microscopic field is standardized to 0.157 mm. the 
bacterial count may be determined by multiplying the average number of 
cells per field by the factor 1,000,000. 

Another method of enumeration which is designated as the ‘‘strip 
method’’ involves the counting of all the cells in a strip across the short 
dimension of the slide. In this case the total number of cells in the strip is 
multiplied by the factor 4900. (To give a factor of exactly 5000, the field 
should have a diameter of 0.152 mm.) This method is especially con- 
venient when cells are found in only an occasional field, as it eliminates 
the necessity of keeping a record of the number of fields observed. The 
cells may be counted with a tally meter. 

When 0.1 ¢.c. of the sample is spread over the entire area of the slide 
with the aid of a few drops of water the smear is approximately one-half 
as dense as when the usual procedure of spreading 0.01 ¢.c. over 1 sq. em. 
is used. The thinner smear is distinctly advantageous in the examination 
of viscous substances such as ice cream mix or cream high in fat content. 
For extremely viscous substances such as condensed milk or heavy cream, it 
has been found desirable to use a pipette with a relatively large opening at 
the tip. One e¢.c. pipettes graduated in tenths of a cc. or the 1.1 cc. 
A.P.H.A. pipette should be filled to the top graduation, the tip placed di- 
rectly on the slide and the fluid allowed to flow from the pipette very slowly. 
In this way less of the viscous sample adhears to the pipette than if the 
graduations near the bottom are used and the liquid is allowed to flow out 
rapidly. 

With certain samples containing relatively few bacteria it is desirable 
to use 0.2 c.c. of the product instead of 0.1 ¢.c. This gives a smear of ap- 
proximately the same density as the ordinary preparations made with 0.01 
¢.c, spread over 1 sq.cm. If 0.2 ¢.c. of the sample is employed the average 
number of bacteria per field should be multiplied by 500,000, and the total 
number of cells in a strip across the short axis of the slide should be mul- 
tiplied by 2500.* 

1Since the preparation of this manuscript two valuable suggestions have been 
offered by Dr. R. 8S. Breed of the New York Agricultural Experiment Station; (1) that 
provision be made to allow space on the slide for suitable labeling, and (2) that factors 
be made available for the use of microscopes, the fields of which have already been 
standardized to one of the standard diameters (0.146 or 0.205 mm.). 

If it is desirable to allow space on the slide for labeling, the sample placed on a 
standard 1 x 3 inch slide may be spread over an area of 1 x 2 inches. Further, if it is 


inconvenient to restandardize the field of the microscope to a diameter of 0.157 mm., any 
one of the diameters suggested may be employed. - 
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The method as outlined (spreading 0.1 ¢.c. or 0.2 ¢.c. of the sample over 
the entire area of the slide) presents several advantages; (1) It eliminates 
the use of special capillary pipettes and enables the use of pipettes more 
commonly found in the laboratory, (2) It obviates the necessity of the 
tedious weighing of a 0.01 gram sample on a glass slide which has been pre- 
viously counterpoised on an analytical balance. (3) Guide plates are un- 
necessary. (4) the thin smear (when 0.1 ¢.c. is used) reduces the difficul- 
ties encountered in the examination of samples high in fat. (5) If there 
are relatively few organisms in the sample one or more strips across the 
slide may be examined without keeping track of the number of fields ob- 
served. (6) Although this procedure is especially advantageous for the 
examination of dairy products high in fat, it is equally applicable for the 
examination of milk and condensed milk. 
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The values in the appended table show the factors to be employed for the average 
number of bacteria per field or for the total number of bacteria in a strip across the 
short dimension of the slide when the smear is prepared and examined by any one of 


the suggested methods. The factors in each case are calculated to the nearest two sig- 


nificant left hand digits. 


Diameter of microscopic field in 


Area of millimeters 
Factor for 
0.146 0.157 0.205 
1x3 inches Total in 1 imch stPip ccc 5,200 4,900 3,700 


Average per field 770,000 670,000 390,000 
1x2 inches Total in 1 inch strip 0. 3,300 3,200 2,500 
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MICROBIOLOGY OF FROZEN FOODS 


VI. THE SuRvIVAL oF PATHOGENIC MICROORGANISMS IN IcE CREAM 
G. I. WALLACE anp RHODA CROUCH 


Department of Bacteriology, Uniwersity of Illinois, Urbana, Illinois 


Dairy products have been known to be carriers of disease for a long time 
and numerous studies have been made on the longevity of pathogenic micro- 
organisms in these products. However, ice cream, a very popular dairy 
product has been somewhat neglected in this respect. This is probably 
because freezing was thought to be very destructive to microorganisms. 
Numerous epidemics of disease have been traced to ice cream, however. 
These have been summarized by Tanner (1) and Fabian (2). The fact 
that such epidemics occur has stimulated a few to study this question. 
Davis (3) in studying the longevity of hemolytic streptococci in milk and 
milk products found that the number of streptococci, which he added to 
ice cream, decreased only very slightly over a period of eighteen days. 
There was no reduction in virulence during this time. Mitchell (4) made 
a similar study on the viability of Bacillus typhosus in ice cream. In six 
experiments he found that he was not able to isolate the organisms after 
12, 39, 25, 21, 30 and 27 days of freezing, respectively. In another study 
on this organism Bolten (5) observed that the number of cells of Bacillus 
typhosus decreased very rapidly during the first two weeks of freezing and 
that by the end of forty-four days practically none were left. Bolten also 
mixed the diphtheria bacillus in cream and exposed it to freezing tempera- 
tures for four days without affecting the organism in any way. Prucha 
and Brannon (6) reported that Bacterium typhosum lived in ice cream 
for a period longer than two years and four months. They found that 
there was a rapid decrease for the first two months, followed by a slow but 
steady decrease. These studies give a good indication of the importance 
of ice cream as a carrier of disease. . 

Since tuberculosis is the most important disease transmitted by dairy 
products and because of recent interest in the sources of undulant fever, 
the longevity of these organisms in ice cream was studied. Two members 
of the Salmonella group were also included in this study. The following 
organisms were used: Salmonella aertrycke, Salmonella enteritidis, Bru- 
cella abortus Bang, Brucella abortus Porcine, Brucella melitensis, Myco- 
bacterium tuberculosis hominis (Strains A, I and 8), Mycobacterium tuber- 
culosis bovis and Mycobacterium aviwm. Commercial ice cream was thor- 
oughly inoculated with each of these organisms and samples placed in small 
vials and frozen at —23.2° C. (—10° F.). With the tubercle bacilli the 
culture growth was ground with sterile sand in a sterile mortar, before it 
was added to the ice cream. The ice cream was allowed to soften before 
the organism was added to it in order to facilitate thorough mixing. 

Received for publication August 12, 1932. 
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Series of vials were removed at regular intervals and the contents exam- 
ined for viable organisms. The ice cream samples containing Salmonella 
were streaked on Endo’s agar, typical colonies were picked from these cul- 
tures and the isolations confirmed serologically. Guinea-pigs were injected 
with 1 cc. amounts of the ice cream samples containing the Brucella and 
tubercle organisms. All animals, remaining alive after two months, were 
necropsied. Blood samples were taken, at the time of death, from all 
guinea pigs inoculated with ice cream samples containing Brucella, and the 
blood serum was tested for Brucella agglutinins. If mixtures of the serums 
and specific antigens were positive in dilutions above 1: 640, the Brucella 
strains in the ice cream were considered viable. The guinea pigs inocu- 
lated with the ice cream containing tubercle bacilli were examined, at the 
time of death, for characteristic lesions in the spleen and liver and at the 
point of injection. The presence or absence of lesions was used as the basis 
for determining the viability of the tubercle bacilli in the ice cream. 

The paratyphoid and undulant fever organisms were frozen in the ice 
cream for a period of 36 months and in all cases the organisms were still 
viable and present in sufficient numbers to be rather easily detected. The 
different strains of the tubercle bacilli were still viable and potent after 30 
months. All produced characteristic lesions in guinea pigs in a compara- 
tively short time. All organisms are still viable and further observations 
will be made later. 

SUMMARY 


Salmonella enteritidis, Salmonella aertrycke, Brucella abortus Bang, 
Brucella abortus Porcine, Brucella melitensis, Mycobacterium tuberculosis 
hominis (Strains A, I and S), Mycobacterium tuberculosis bovis and Myco- 
bacterium avium survived freezing in ice cream for periods longer than 30 
months. While the artificially inoculated ice cream contained more or- 
ganisms than would be encountered in ice cream made from naturally in- 
feeted raw milk, such data suggest that ice cream should not be considered 
as a safe food just because it is frozen. 
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SOME EFFECTS OF DIFFERENT KINDS OF HAY IN THE 
RATION ON THE PERFORMANCE OF DAIRY COWS 
EDWARD B. MEIGS anp H. T. CONVERSE 


Research Laboratories, Bureau of Dairy Industry, U. 8S. Department of Agriculture, 
Washington, D. C. 


INTRODUCTION 


A large number of experiments have been carried out at the University 
of Wisconsin (1) in which cows were fed on rations of grain and straw, the 
straw being the sole roughage in the ration. The cows fed on such rations 
usually calved prematurely and threw dead or weak calves, although appro- 
priate tests indicated that they were free from infectious abortion. Later 
work at the University of Michigan (4) (8) has confirméd these results. 

Since 1920, experiments have been carried out at the Beltsville station 
of the Bureau of Dairy Industry in which cows have been fed on various 
kinds of hay, some of the rations consisting of grain, timothy hay, and corn 
silage, or of grain with timothy hay as the sole roughage. There were more 
premature calvings and stillbirths among the cows fed on these rations than 
among those fed alfalfa hay as roughage, and there seemed reason to think 
that the timothy rations were not entirely adequate for reproduction. 
Work which was going on at the Michigan Agricultural Experiment Sta- 
tion at the same time, the results of which have since been published (9), 
showed, however, that cows might reproduce quite normally for a number 
of years on rations of grain, timothy hay, and corn silage, and investigation 
indicated also that the quality of the timothy hay fed at the Michigan sta- 
tion was superior to that fed at the Beltsville station. Further work, in 
which the quality of the hay fed has been carefully controlled, has there- 
fore been carried out at the Beltsville station. Fortunately also it has been 
possible to work with a herd which is subjected every 60 days to the agglu- 
tination test for infectious abortion, and which is free from that disease. 

The manner in which the cows were fed and treated in this work has 
been described in an earlier article (6). The principal points are the fol- 
lowing : 

(1) The cows were kept entirely off pasture. 

(2) Ordinarily the rations consisted of a grain mixture combined with 
either alfalfa or timothy hay as the sole roughage, although 
occasionally they contained some corn silage in addition. 

(3) The body weights, food intake, and milk and butterfat yields were 
recorded. 

Received for publication August 15, 1932. 
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(4) The cows were fed somewhat more total digestible nutrients than 
they required according to any of the feeding standards, and 
from 30 to 70 per cent more digestible protein than they re- 
quired. 

(5) It was aimed to have the cows calve once every 15 months, and to 
have them in milk for 12 months of this period and dry for 3 
months. 

(6) The grain mixture fed with timothy hay had a higher protein con- 
tent than that fed with the alfalfa, hence the cows on the tim- 
othy rations consumed about the same amount of protein as 
those on the alfalfa rations. 


THE EARLIER EXPERIMENTAL RESULTS 


The results from 1920 until toward the end of 1926, during which period 
neither the quality of hay nor infectious abortion was adequately controlled, 
are, of course, less satisfactory than the later ones. It is worth while, how- 
ever, to give a summary of the earlier results. The experiments consisted 
in studies of the effects of alfalfa and timothy hay as roughage on repro- 
duction, on the general health and staying powers of the cows, and on milk 
yield. In all of these studies, the timothy hay was probably of average 
quality, and would have been graded as medium No. 2 by the U. S. Hay 
Inspection Service. In the studies on milk yield, the alfalfa hay was prob- 
ably of average quality also, but that used in the other studies tended to be 
of better quality than the timothy hay. 

More breedings were required to produce pregnancy in the cows on the 
timothy rations. There were 14 cows that were bred after 3 months or 
more of lactation on these rations. To produce these 14 pregnancies, 50 
breedings, or an average of 3.57 breedings per pregnancy, were required. 
Three of the cows were bred 7, 8, and 11 times respectively while on the 
timothy rations but did not become pregnant, nor did they become preg- 
nant until some time after they had been changed to other rations. To 
compare with the 14 cases considered above, there have been taken the rec- 
ords of all the milking cows in the herd during the same period, which had 
been for a year or more previously on rations containing liberal amounts 
of alfalfa and which had already had calves. There are 32 pregnancies 
available for the comparison under consideration. To produce these 32 
pregnancies, 63 breedings, or an average of 1.97 breedings per pregnancy, 
were required. There were no animals in this group which failed to be- 
come pregnant. 

There were more premature births among the cows that had timothy hay 
and more cases of calves that were either born dead or died within 


1 For a description of the different grades of timothy and alfalfa hay sée (7). 
2 It has required more breedings to produce first pregnancies in the Beltsville herd than 
it has for subsequent pregnancies. 
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24 hours. There were 11 parturitions among cows that had had timothy 
hay for 9 months or more previously and in 5 of these, or 45.5 per cent, the 
calves were born 14 days or more before due,’ while in 4 of them, or 36.4 
per cent, they were either born dead or died within 24 hours. There were 
27 parturitions among cows that had been on rations containing alfalfa for 
a year or more previously and in 7 of these, or 25.9 per cent, the calves were 
born 14 days or more before due, and in 5 of them, or 18.5 per cent, the 
ealves were either born dead or died within 24 hours. 

The cows on which the above observations were made were subjected 
from time to time to the agglutination test for infectious abortion. There 
were some reactors and some non-reactors in each group, but the proportion 
of non-reactors happened to be larger among the cows which received tim- 
othy hay. Four of the premature births among these cows, and 3 of the 
cases in which the calves were born dead or died within 24 hours occurred 
among cows which did not react to the test for Brucella abortus. Two of 
the stillborn calves were examined for infection with Brucella abortus, and 
found not to be infected. 

The cows whose roughage included a large proportion of alfalfa have 
remained alive and well much longer than those whose roughage consisted 
chiefly of mediocre timothy hay. There are 6 cases in which cows were 
kept on the timothy rations until they either died or failed to become preg- 
nant in spite of repeated breedings. The deaths or failures to breed oc- 
eurred after the cows had been on such rations for periods ranging from 
0.83 to 2.53 years, or an average of 1.65 years. The average age of the cows 
when they died or were changed to other rations on account of failure to 
breed was 7.36 years. 

In contrast to the foregoing cases, there are 5 cows which were kept for 
long periods on rations containing alfalfa. One of these was put on an- 
other experiment after she had been on the alfalfa rations for 2.87 years. 
Another died after 5.76 years on the rations. The other 3 are still alive 
and in good health after periods ranging from 6.33 to 7.25 years on alfalfa. 
The cows have already been on the alfalfa rations for periods averaging 
5.74 years, and have reached an average age of 10.12 years. These cows 
have also produced more milk and butterfat each year on the average than 
the cows on timothy, so that the cows on timothy were certainly not broken 
down by heavier production. 

A fairly careful study was made of the milk yield of cows on the alfalfa 
and on the timothy rations, respectively. For this purpose 3 cows were 
kept first on one ration and then on the other for corresponding parts of 
different lactation periods. In some cases the periods on timothy came 
first; and in some cases, those on alfalfa; and in other ways it was 


8 283 days has been taken as the normal period of gestation, so that a calf born 14 
days before due would be carried 269 days. 
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attempted to make the comparison as fair as possible. The cows gave 16.8 
per cent more milk and 21.3 per cent more butterfat on the alfalfa rations 
than on the timothy rations. 

In considering the meaning of these results, a number of points must be 
kept in mind. Neither the quality of the hay used nor infectious abortion 
was adequately controlled. There is reason to think that, in the experi- 
ments on milk yield, both the alfalfa and the timothy hay were approxi- 
mately of average quality. But, in the other comparisons, the alfalfa was 
probably of better quality than the timothy, hence the results can be said 
to indicate only that cows will breed more regularly, will throw fewer pre- 
mature and dead calves, and will last longer on fairly good alfalfa than on 
mediocre timothy hay. But these results furnish an important supplement 
and background for the more recent results, which will now be reported. 


THE LATER EXPERIMENTAL RESULTS 


In the autumn of 1926, the experimental herd was tested for infectious 
abortion, and the animals that reacted positively were separated from the 
others. Since that time the animals in the non-reacting or clean herd have 
been tested every 60 days, with the intention of removing any reacting ani- 
mals immediately. From the beginning of 1927 to the present time (May, 
1932) only one animal in this herd became infected and was removed. 

The animals in the clean herd were fed on alfalfa and timothy 
hay which was inspected and graded by the U. 8S. Hay Inspection Service. 
We wish to acknowledge our indebtedness to Mr. E. C. Parker, Mr. C. F. 
Welsh, and other members of the Hay, Feed, and Seed Division of 
the Bureau of Agricultural Economics, who have aided greatly in making 
this work possible. 

The report covers the records of all the cows on these rations in the clean 
herd from January 1, 1927, up to the present time (May, 1932). The work 
preliminary to dividing the herd into reactors and non-reactors to the test 
for infectious abortion was carried out in the summer and autumn of 1926. 

The first results to be reported are those which were obtained in the 
clean herd with two groups of cows, neither of which had had any pasture 
or other green food for at least 9 months before the calvings under consid- 
eration took place.* One group was fed on grain with No. 1 alfalfa hay as 
the sole roughage. The other group was fed grain with No. 3 timothy hay 
as the sole roughage. Table 1 shows the composition of the grain mixtures 
that were fed to the two groups. Grain mixture 60 or grain mixture 75 


4 The cows were turned out every day in a yard in which no grass grew, but got oc- 
casional mouthfuls of growing grass and weeds in the spring and summer by reaching 
through the fence. The amount of green food obtained in this way, however, was exceed- 
ingly small; it did not prevent nutritive disasters in the case of cows fed on inferior 
roughage; and was probably altogether of very little nutritive importance. 
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was fed with the alfalfa, and grain mixture 65, which is considerably higher 
in protein content than either of the other grain mixtures, was fed with the 
timothy. 


TABLE 1 
Composition of grain miztures 
GRAIN 60 GRAIN 65 | GRAIN 75 
Corn meal ............... 40 30 | 40 
Wheat bran ...... 30 20 | 40 
Soybean meal .... 20 25 _ 
Linseed meal 10 25 | 20 
| 1 | 1 | 1 


The corn meal used throughout the experiments was yellow. The soybean and linseed 
meals had had their fat extracted by the old process, that is, without fat solvents. 


Of the cows mentioned in the following report those numbered from 100 
to 199, inclusive, are grade Holsteins; those from 200 to 299, purebred Hol- 
steins; those from 300 to 399, grade Jerseys; and those from 400 to 499, 
purebred Jerseys. 

Since January 1, 1927, there have been 13 calvings from the cows that 
had. No. 1 alfalfa as the sole roughage. None of these calves were born as 
much as 14 days before due, and all except one were born alive and normal. 
One was born dead after an unusually long delivery. In the same period 
there have been 10 calvings from cows that had No. 3 timothy hay as the 
sole roughage. Seven of the 10 calves were born 14 days or more before 
due. Six of the 10 were born dead, and the other 4 were weak and 3 of 
the 4 were blind. 

Of the 6 calves born dead, 3 born in the early stages of the study were 
not examined for the presence of Brucella abortus. Later, however, it was 
thought that it would be better to make this examination, and the intestinal 
tracts and other visceral organs of the last 3 stillborn calves were examined 
for Brucella abortus, and found not to be infected. All of the cows in both 
groups were tested every 60 days for infectious abortion, and were negative 
throughout the period of the experiment. Furthermore, from January 1, 
1927, until the present time (May, 1932) the cows on the No. 3 timothy 
rations, all of which may be said to have aborted in the clinical sense, were 
in the same barn or yard with the cows on the alfalfa rations, which, dur- 
ing this whole period, showed neither the clinical symptoms of abortion nor 
reaction to the agglutination test. Before they were put on the No. 3 tim- 
othy rations, Cows N—103, N—200, N-301, N-401, and N-402 had 6 calves 
after periods on good roughage. Not one of these calves was born as much 
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as 14 days before it was due, although one was born dead and one died soon 
after birth; all the others were normal. The evidence, therefore, is fully 
in harmony with the earlier evidence along the same line which was ob- 
tained at the Wisconsin (1) and Michigan stations (4) (8), and shows quite 
clearly that cows that are free from infectious abortion may be made to 
calve prematurely and to throw dead or weak calves by feeding rations 
which do not contain either fresh green plant material or hay of good 
quality. 

Tables 2 and 3 give a number of details regarding the cows which were 
on the alfalfa and timothy rations. When the milk yields are given as zero 
in table 3, the calvings under consideration were first calvings. Cows 
N-303 and N—403 threw their first calves and also subsequent calves on the 
alfalfa rations, and, for convenience, their experimental periods in table 3 
have been divided into the periods before the first calvings and into those 
before the subsequent calvings. Cows N-—102, N-200, and N—202, gave 
rather small average daily quantities of milk, because they happened to be 
dry for considerable parts of the periods under consideration. It can be 
seen from table 3 that the cows on alfalfa which were in milk gave about 
the same quantities of milk and ate about the same quantities of hay on the 
average as those on timothy. Two of the latter, N-401 and N-402, have 
given fairly large amounts of milk for periods of nearly 3 years, in spite 
of the poor quality of their roughage, and of the bad effect that it was hav- 
ing on their reproduction. 

The cows on the alfalfa rations ate approximately the quantity of total 
digestible nutrients which, according to the Savage standard (3), they re- 
quired for their maintenance and milk yield, and a considerable surplus of 
protein. Those on the timothy rations ate somewhat more total digestible 
nutrients than they required, and a larger protein surplus than those on 
alfalfa. 

In addition to the 13 calvings in the last 5 years from cows on alfalfa 
as the sole roughage there have been 36 calvings in the clean herd in the 
same period from cows which had alfalfa hay as a large proportion of their 
roughage and in addition either pasture or corn silage or roots. Of these 
calves, 33 were born less than 14 days before due and 3 were born more than 
14 days before due. Twenty-four were born alive and normal, 6 were born 
dead, and 3 died within a day or two after they were born. Although there 
were more stillbirths and calves that lived only a short time from this group 
of cows than from the cows which had alfalfa hay as the sole roughage, 
there is no reason to think that this was a result of the rations. Most of the 
reproductive difficulties occurred among cows which had been at the Belts- 
ville station for only a short time, after they had been brought there from 
one of the other government experiment stations. These cows had a bad 
general health record. 
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TABLE 3 
Average daily milk yield and hay consumption of cows on No. 1 alfalfa rations and on No. 3 
timothy rations 


AVERAGE DAILY | AVERAGE DAILY 
RATION cow PERIOD ON RATION MILK YIELD HAY CONSUMED 
kilograms | kilograms 
N212 7/1/29-1/9/31 14.1 7.3 
N215 9/1/28-8/14/31 0.0 2.7 
Tn N218 5/1/30-1/15/32 0.0 3.7 
fs N303 1/1/27-11/30/28 0.0 2.4 
og N303 12/1/28-12/16/31 7.0 4.2 
3a N403 1/1/27-11/30/28 0.0 2.4 
o™ N403 12/1/28-3/1/30 5.1 4.5 
N102 9/1/28-7 /29/30 4.7 5.3 
SI N202 3/1/28-8/17/29 2.7 4.0 
Fe | Nails 10/1/27-8/13/29 0.0 3.1 
S 470 12/1/25-10/1/28 9.1 5.6 
° | N103 10/1/28-2/22/32 6.6 5.9 
ba 3 | N200 4/1/29-12/31/29 3.5 3.9 
| 
| N301 9/1/28-12/21/30 5.6 4.1 
| 4/1/29-12/3/31 8.2 4.6 
| N402 6/1/29-2/12/32 7.2 4.4 


The experiments carried out since January 1, 1927, have not yet gone 
far enough to permit comparisons between the breeding capacity, milk 
yield, and staying powers of the cows on good alfalfa, and on poor timothy, 
respectively, such as were made in the case of the earlier experiments. The 
results so far obtained may, however, be given. 

Among the cows on grain and No. 1 alfalfa, which have already had 
calves, there have been 11 cases of pregnancy beginning after 8 months or 
more on the rations. To produce these 11 pregnancies, 20 breedings, or an 
average of 1.8 breedings per pregnancy, were required. There have been 
4 pregnancies beginning after 8 months or more on the rations of grain and 
No. 3 timothy hay, for which 7 breedings, or an average of 1.7 breedings 
per pregnancy, were required. The difficulty in producing pregnancy in 
these cows, however, has become greater as they have been for longer 
periods on the rations. One of them, N—103, was bred 3 times after she 
had been on the rations for 2 years and 10 months. She became pregnant 
from the third service, but threw the calf on February 22, 1932, six months 
before it was due. She was bred again March 28, 1932, but it is not known 
yet whether or not she is pregnant from this breeding. A second of these 
cows, N-—301, was bred March 26, 1930, after she had been on the rations 
for a year and 7 months. Since then she has been bred 6 times at rather 
long intervals and is not yet pregnant (May 6, 1932). 

Of the 5 cows which have been on the No. 3 timothy rations for 9 months 
or more N—200 became very sick after a little less than 9 months. She died 
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after having been very badly off feed for about 2 weeks. N-401 calved 
after 2 years and 8 months on the rations. She failed to expel the placenta 
after this calving, and showed garget and an inflamed udder. She died 3 
weeks after calving, having been badly off feed. Post-mortem examination . 
showed a severe inflammation of the lungs and kidneys. Of the 5 cows 
started on this ration, therefore, 2 are dead after periods of from 9 months 
to 3 years; one has apparently become a non-breeder; and a fourth, on ac- 
count of failure to breed or because of early abortion, has at no time carried 
a calf more than 3 months in a period of over 18 months. 

Of the 9 cows on grain and No. 1 alfalfa, one died of inflammation of 
the udder and septicemia after having been on the rations for about a year 
and a half; one was discarded from the herd on account of showing a posi- 
tive test for tuberculosis, and the other 7 are still alive and well after being 
on this ration for periods ranging from 2 years to 5 years and 4 months, 
and averaging nearly 4 years. 

In the experiments since January 1, 1927, there have been no cases in 
which the milk yields of the same cows were studied while they were fed 
first on one ration and then on the other. It will be remembered that, in 
such cases in the earlier experiments, the cows gave only about 17 per cent- 
more milk on the alfalfa than on the timothy rations. This difference is 
too small to appear satisfactorily in experiments in which the different 
rations are fed to different cows, unless the cows are very numerous and 
carefully selected. 

In comparing the earlier experiments with the later ones, it may be said 
that the results are alike in showing that cows will do well for long periods 
on grain and No. 1 alfalfa hay. In the later experiments, the cows have 
lasted somewhat longer on the No. 3 timothy hay than they did in 
the earlier experiments on timothy hay of mediocre quality. This is prob- 
ably because the cows in the later experiments were younger, and had been 
better fed and treated beforehand. The premature births and stillbirths 
were more numerous in the later experiments, in spite of the fact that the 
animals in these experiments were free from infectious abortion. 

The later results may be said to confirm the earlier ones on the whole, 
and all the results taken together show that the feeding of mediocre and 
poor timothy hay as the sole roughage to dairy cows for long periods is 
likely to cause serious interference with reproduction. The results indi- 
eate also that cows are rendered more susceptible to various forms of infec- 
tion by this treatment. As mediocre and inferior timothy hay is low in 
vitamin A (2), and as it has been generally recognized that a shortage of 
vitamin A in the diet renders animals more susceptible to infection (5), 
this last conclusion is in general harmony with many previous observations. 

How far normal reproduction in dairy cows depends on the quality of 
the hay fed is a very interesting question and the results at Beltsville to- 
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gether with those obtained at Michigan seem already to throw a good deal 
of light on the answer to this question. All the cows at Beltsville that had 
been fed for 9 months or more on No. 3 timothy hay threw dead or weak 
calves, and in 70 per cent of the cases the calves were born 14 days or more 
before they were due. On the other hand in the earlier Beltsville experi- 
ments, in which the quality of the timothy hay fed was not adequately con- 
trolled but in which it was certainly better than the No. 3 grade, only 45.5 
per cent of the calves were born 14 days or more before due and only 36.4 
per cent were born dead or weak. Finally in the Michigan experiments 
(9) in which the timothy hay was of decidedly better quality than in any 
of the Beltsville experiments so far considered there were no stillbirths 
among 19 calvings from 5 cows which were kept for about 5 years on ra- 
tions of grain, timothy, hay, and corn silage. There was, however, a rather 
iarge proportion—over 30 per cent—of calves carried for 269 days or less, 
and therefore born 14 days or more before due according to the gestation 
period of 283 days which has been considered normal for the Beltsville herd. 

These results taken together seem to leave little doubt that when the 
roughage of dairy cows consists either of timothy hay alone or of timothy 
hay and corn silage the number of strong, living calves born will be depen- 
dent in a considerable degree on the quality of the hay.° But it is desirable 
that this question should be studied in work carried out at a single experi- 
ment station, in which the quality of the hay fed is the only factor varied, 
and experiments have already been started at Beltsville in which cows have 
been fed on rations containing No. 1 timothy hay. These experiments are 
still in a very early stage, but the results so far obtained may be given. One 
cow, N—105, was fed for 1 year and 4 months on grain mixture 65, No. 1 
timothy hay, and corn silage. At the end of this period she gave birth to 
a dead calf, born 20 days before due. The calf was found free from infee- 
tion with Brucella abortus, and the cow was shown by the agglutination 
test to be free from this disease. Another cow, 499, has now been for more 
than 4 years on grain mixture 65 with No. 1 timothy hay as the sole rough- 
age. During this period she has given birth to 3 normal living calves, born 
8, 6, and 8 days respectively before due. 

In conelusion it seems worth while to give a few details in regard to the 
character of the timothy hay fed. Timothy hay is graded almost entirely 
according to its color. When cut in the bloom stage or earlier and cured 
without exposure to rain or to too much sun and without heating in the 
barn, it retains a considerable proportion of its green color. This may be 
lost through any of the unfavorable influences mentioned above. Hay 


5 A number of cows at the Michigan station which were fed on grain, corn silage, and 
straw gave birth to dead and abnormal calves (4). Corn silage, therefore, probably does 
not contain any nutritive essential which would offset the bad effects of feeding roughage 
of low quality. 
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which has lost a certain proportion of its green color is graded as No. 3, no 
matter how the loss may have been brought about. Some of the No. 3 tim- 
othy hay used in these experiments had lost its color through being cut in 
the seed stage, some through weather damage, and some through heating in 
the barn. 

Of the 4 cows that were fed the No. 3 timothy hay for comparatively 
long periods, N-301, N-401, and N-402 received very little weather-dam- 
aged hay in the periods shown in table 3. From one-quarter to one-third 
of the hay which they received was somewhat damaged by heating in the 
barn, and most of the rest was cut in the seed stage without other damage. 
Of the hay fed to N—103, about one-fifth was weather-damaged, one-fifth 
barn-damaged, and the rest was cut in the seed stage without other damage. 
Cow N-200 received hay cut in the seed stage without other damage 
through practically all of the period shown in table 3. The barn-damaged 
hay was not fed until more than a year after the experiments were started, 
and 3 of the 10 abnormal calvings occurred before it was fed at all. 

The results may be taken to show that timothy hay cut in the seed stage, 
but otherwise undamaged, will produce very serious effects on reproduction 
when fed to dairy cows as the sole roughage for 9 months or more. We 
have the impression that the effects of the barn-damaged hay were a little 
less severe and those of the weather-damaged hay a little more severe than 
those of the over-ripe hay, but do not feel that the work so far carried out 
is sufficiently extended to give any very clear information as to the relative 
bad effects of different kinds of No. 3 timothy hay. 


SUMMARY 


Experiments have been carried out at the Beltsville Station of the 
Bureau of Dairy Industry for the last 10 years in which cows have been 
kept continuously for long periods on rations of grain and hay without 
pasture. The general health, reproductive capacity, milk yield, and stay- 
ing powers of the cows have been studied on rations of which the roughage 
consisted of various grades of alfalfa and of timothy hay. 

On the rations containing a liberal proportion of alfalfa hay of high 
quality the cows have maintained their health, milk yield, and reproductive 
capacity for periods ranging up to more than 7 years. When the roughage 
consisted of timothy hay of mediocre or low quality, the milk yield has been 
somewhat reduced, the health and staying powers of the cows have been 
decidedly less satisfactory than on the alfalfa rations, and the reproductive 
capacity has been very seriously interfered with. There has been some dif- 
ficulty about producing pregnancy in the cows on such rations and a very 
marked tendency for them to throw premature calves which either are dead 
or are weak and often blind. Five cows which were kept for periods of 
from 9 months to somewhat more than 3 years on rations of grain and U. 8. 
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No. 3 timothy hay have given birth to 10 calves, all of which were born 
somewhat prematurely, and none of which was normal. Six were born 
dead, the other 4 were weak and 3 of them were blind. These abnormal 
ealvings took place in spite of the fact that the cows were carefully pro- 
tected from infectious abortion, and were shown to be free from this disease 
throughout the experimental period both by the agglutination test and by 
bacteriological examination of the stillborn calves. 

Experiments have been started to learn to what extent the poor quality 
of the timothy hay was responsible for the abnormal ealvings in these ex- 
periments. This part of the work is still very incomplete but 1 cow, which 
has been kept for more than 4 years on a ration of grain and U. S. No. 1 
timothy hay, has given birth to 3 calves, all of which were alive and normal, 
and none of which was born as much as 14 days before it was due. 
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STUDIES ON WHIPPING CREAM’? 


HUGH L. TEMPLETON AND H. H. SOMMER 
Dairy Department, College of Agriculture, Madison, Wis. 


Whipping cream occupies a very strategic place in the list of products 
sold by the average commercial dairyman. It is known that consumers 
often draw their conclusions concerning the quality of an entire line of 
dairy products from the quality of the whipping cream. While the actual 
volume of business is relatively small the prestige that seems to accompany 
the production of a high quality of whipping cream is more than sufficient 
to repay the dairyman for his extra labor. 

Of the many variable factors that may be concerned in the production 
of a high quality whipping cream, the following will be discussed in this 
paper : 

1. Fat content of the cream. 

2. Aging,—time and temperature. 

3. Reaction of the cream,—titratable acidity. 
4. Added salts. 


In regard to the whipped cream the following properties were studied: 


1. Whipping time. 
2. Stiffness of the whipped cream. 
3. Overrun. 
4. Drainage. 
a. time. 
b. amount. 
e. fat content of the serum. 


To the average consumer the first two of these properties are the more 
important as a cream is desired that will whip rapidly and to a satisfactory 
degree of stiffness. That these two properties are rather closely related will 
be shown later in the discussion of the experimental results. From the 
scientific viewpoint the last two properties studied are of interest and they 
should be considered by the dairy concern that sells the whipped cream in 
cartons to the consumer. 


Received for publication August 15, 1932. 

1 Published with the permission of the Director of the Wisconsin Agricultural Ex- 
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2 Presented before the Manufacturing Section of the American Dairy Science Asso- 
ciation Meeting, June 28-30, 1932, at Lexington, Kentucky. 
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APPARATUS AND METHODS USED 


The whipper used was of the turbine type recommended by Hening.* 
In order to secure constancy of speed and other advantages, the apparatus 
shown in figure 1 was designed. The motor connected to the whipper by a 
flexible shaft through reducing gears, operates the turbine at 650 r.p.m. 
which is equivalent to about 130 r.p.m. of the drive wheel when operated 
by hand. 


Fig. 1. CREAM WHIPPING APPARATUS. 


Another advantage sought was to obtain a record of the stiffness of the 
whip by observing the torque (load) on the drive shaft. This was accom- 
plished by inserting in the drive shaft a gear arrangement similar to the 
differential gears in the rear axle of an automobile (figure la). In this 


3 New York (Geneva) Agricultural Experiment Station Circular No, 115. 
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Fic. la. GEAR ASSEMBLY OF CREAM WHIPPING APPARATUS FOR 
MEASURING ToRQUE (LOAD). 


case the motor is attached to one wheel and the flexible shaft to the other. 
As power is applied by the motor the differential gear-assembly tends to 
revolve, and to hold it stationary, a certain force is necessary which in- 
creases with the load on the flexible shaft. This foree was measured by a 
spring scale attached to an arm extending at right angles to the gear 
assembly. 

In order to prevent the whipped cream from clinging to the sides of the 
bowl, leaving the turbine relatively free, the bowl was mounted on a turn- 
table and a fin was attached to the frame of the whipper. The fin scraped 
the whipped cream from the sides of the revolving bow] so that the turbine 
was at all times properly immersed. By these means an accurate record 
was obtained of the stiffness of the cream throughout the whipping. 

This device was especially useful in comparisons of whipping time. 
Such comparisons are meaningless unless the samples are whipped to the 
same consistency. It was found that the torque was far more reliable as a 
measure of stiffness than visual observation. A torque of 180 grams was 
used as the maximum in most comparisons, since this represented a satis- 
factory consistency and also was near the limit of strength of the flexible 
shaft used. In a few samples churning occurred before this maximum 
could be attained. In those cases, whipping was stopped as soon as the 
torque started to decrease. 

The time necessary for the cream to whip to the desired stiffness was 
measured with a stop watch and the indicated torque was noted and 
recorded at regular intervals. The increasing stiffness during whipping 
can be shown graphically by plotting the indicated torque against the time, 
starting with the load after the motor had been running for ten seconds, 
as this was sufficient time for the motor to reach full speed. 

The overrun, or volume of air incorporated, was determined by weigh- 
ing a definite volume of cream before whipping and an equal volume of the 
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whipped cream. That was done on a torsion balance using a Mojonnier 
solids dish. The overrun varied from 73 to 190 per cent of the original 
cream volume. 

To study the drainage of serum the whipped cream was placed in copper 
gauge funnels (20 mesh) which in turn were held in glass funnels having 
uniform stem lengths. The drainage time given in the tables is the time 
elapsing between the placing of the whipped cream in the funnels and the 
first drop of serum falling from the end of the glass stem. After a number 
of hours the amount of drainage was measured and its fat content deter- 
mined by the Babcock test. From these figures the total fat loss was caleu- 
lated. 

The cream used in these experiments was from mixed herd milk taken 
directly from the separator in the University creamery. As the cream test 
varied from 48 to 56 per cent it was standardized with skimmilk collected 
at the same time. The cream was pasteurized in the usual manner, using 
glass beakers for containers and stirring the cream with glass stirring rods 
in order to imitate commercial conditions and eliminate possible metal con- 
tamination. Due to the various factors that were being studied, each 
sample of cream was pasteurized separately. After cooling to 15° C. or 
lower the cream was stored in half pint bottles in the room where the cream 
whipping was to be done. 

The whipping apparatus was kept in a room the temperature of which 
could be controlled at 38° F. to 46° F. for at least an hour before use. This 
temperature range was found to be ideal for cream whipping. Two hun- 
dred cubic centimeters of cream were used. This amount was sufficient to 
just cover the edges of the rotating disk, the sections of which were raised 
to slightly different angles so that they were not revolving in the same hori- 
zontal plane. This variation had been found to increase the effectiveness 
of the whipper. 

Typical charts and tables taken from the data collected accompany this 
paper. From the description that has been given of the apparatus and 
the factors studied these presentations are largely self-explanatory. The 
term ‘‘average torque increase per second’’ possibly needs explanation. 
The figure given is obtained by dividing the increase in torque as expressed 
in grams by the number of seconds that the cream was whipped. This 
value might also be described as the slope of the line connecting the points 
representing the initial load on the motor and the final load. From the 
curves shown it is evident that the torque increase is not constant, but it 
was found that taking an average eliminated some of the variations and 
gave a more applicable value. For example, if two samples of cream were 
whipped through a torque of 100 and 108 grams in 150 and 162 seconds, 
respectively, the average torque value (0.667) is the same for both. This 
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value was of especial importance in comparing samples one or more of 
which reached a maximum stiffness of less than 160 grams. 

The first factor to be studied was the effect of varying amounts of but- 
terfat in the cream. Table 1 and figure 2 give the results obtained from 


TABLE 1 
Influence of fat content of the cream on whipping 
FAT IN TIM TOTAL 
42.0 99 1,242 99 1605 11 2.00 0.22 
36.0 117 1.097 121 1160 | 18 2.00 | 0.36 
33.0 169 0.730 163 810 25 2.05 0.51 
31.5 256 0.482 152 1073 | 26 2.50 | 0.65 
31.0 261 0.478 | 158 670 | 36 2.70 0.97 
29.5 333 0.369 150 646 31 2.75 0.85 
28.0 400 0.264 146 302 56 3.55 1.99 
26.5 600 0.086 124 53 53 5.13 2.72 
25.0 540 0.117 122 91 72 4.50 3.24 


this study. The chart and the column devoted to whipping time show that 
the rate of whipping decreased with the decreasing fat content. The richer 
creams, however, were considered to be too heavy or soggy to meet with the 
approval of the public. Of course, there is the possibility that if the cream 
had been whipped to a greater stiffness than was possible with the appara- 
tus used, the results might have been different. From the work with other 
samples the probability of churning must be considered. As would be 
expected from the whipping time the average torque increase per second 
of whipping time decreased with the fat content. The amount of overrun 
is very interesting. From the figures obtained in this study there would 
appear to be a maximum value with creams testing 31 to 36 per cent of 
butterfat. Other work, some of which cannot be reported definitely at this 
time, indicates that the maximum overrun is obtained with fat contents of 
28 to 34 per cent, but with the lower values the time of the year is appar- 
ently an important factor. The drain time decreases fairly regularly with 
the decreasing fat content while the weight of drain, the fat content and 
the total fat loss increase. As a result of this study the fat content of 
most of the experimental series of creams was kept within the limits of 30 
to 34 per cent fat. These figures agree very well with those given by Dahl- 
berg and Hening.* It should be noted that the cream used in the series of 
experiments described above was produced during the summer months. 
The aging of the cream is a factor that is always stressed in the produc- 
tion of whipping cream. A number of experiments were made involving 


4 New York (Geneva) Agricultural Experiment Station Bulletin No. 113. 
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Fig. 2. 


TABLE 2 
Influence of aging time on whipping 


DRAIN 
HOURS WHIPPING J PER CENT 

AGING TIME INCREASE OVERRUN TIME | WEIGHT | PER CENT TOTAL 
SECONDS PER SEC, SECONDS | GRAMS FAT FAT 

LOSS 
9 620 0.177 130 337 38 4.0 1.52 
9 SC* 300 0.369 156 308 58 6.3 3.65 
23 270 0.418 156 332 42 10.2 4.28 
23 SC 220 0.536 153 275 51 9.4 4.79 
47 400 0.280 154 383 53 8.8 4.66 
47 SC 330 0.343 158 287 60 6.9 4.14 
95 575 | 0.282 160 433 42 6.0 2.52 
95 SC 330 0.344 159 459 54 4.8 2.59 


Cream containing 31 per cent of butterfat. 
*The SC indicates that 0.4 per cent of sodium citrate was added to the cream 
before pasteurization. 
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Cream, 31% Far 
l= 23 hours, Na Cit. 5+ 95 hours, No Cit. 
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Fig. 3. 


this factor and table 2 and figure 3 are given as typical of the results ob- 
tained. The effect of the addition of sodium citrate will be discussed later. 
These figures were obtained on summer cream that was separated at 150° F. 
Here it is evident that the most rapid whipping occurred after 23 hours 
aging, and longer aging resulted in slower whipping. The overrun for all 
samples except the first whipped after 9 hours is practically uniform. 
There is very little correlation between the values obtained for the drain- 
age, the greatest fat losses occurring with the creams whipped after 23 and 
47 hours. Tables 3 and 3a show the effect of different aging times and 
temperatures on two series of creams with a five per cent difference in the 
fat content. The same cream and skimmilk were used for both series. 
Figure 4 shows a composite of the values for the four aging times. The 
composites were made because it was found that by their use it was possible 
to eliminate certain minor discrepancies that would be rather misleading 
and also for the saving of space. From these figures it is evident that the 
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TABLE 3 
Influence of aging time and temperature on whipping 
AGING ro DRAIN 
WHIPPING) ToRQUE | PER 

TIME TEMPERA- TIME INCREASE | OVERRUN TIME WEIGHT | PERCENT | TOTAL 
HOURS TURE °F, | SECONDS | per sEC. SECONDS | GRAMS FAT bd 
24 | 38 102 «| «(21,174 161 1015 28 6.3 1.76 
24 SC* | 38 | 104 1.134 149 928 41 4.5 1.85 
24 48 | 184 | 0.659 154 568 24 5.2 1.25 
248SC | 48 | 138 0.869 147 312 31 40 | 1.24 
50 38 | 133 | 0.916 | 154 606 23 5.0 | 1.15 
50 SC 38 112 1.098 | 153 408 37 | oT | 1.37 
50 48 | 180 0.678 | 151 530 20 | 48 | 0.96 
50SC | 48 | 138 | 0.870 148 275 33 3.5 | 1.16 
72 38 | [47 | 0.830 153 461 32 5.2 | 1.66 
72 8C 38 | 95 1262 | 161 214 46 5.2 2.39 
72 48 165 0.745 155 967 26 3.5 0.91 
72 8C | 48 157 | 0.764 148 | 269 41 3.2 | 1.31 
96 | 42 135 | 0.910 158 | 363 33 4.6 | 1.52 
968C | 42 108 | 140 | 455 44 3.0 1.32 
96 | 48 168 | 0.727 155 759 32 4.3 | 1.38 
96 SC 48 | 130 | 0.961 143 456 42 2.3 | 0.97 
Cream used in this experiment contained 33.5 per cent of butterfat. 

* 0.4 per cent sodium citrate added to those samples marked with SC. 

TABLE 3a 
Influence of aging time and temperature on whipping 
AGING DRAIN 
WHIPPING PER CENT 

TIME TEMPERA- TIME INCREASE | OVERRUN | TIME WEIGHT |PER CENT | TOTAL 
HOURS TURE °F, | SECONDS | per sEC. SECONDS | GRAMS FAT Ld 
24 38 163 531 46 2.8 1.29 
24 SC* 38 192 0.625 166 409 S8 |; 381 1.80 
24 48 460 0.261 150 325 42 | 24 1.01 
24SC 48 | 265 0.460 151 491 48 ; 2.1 1.01 
50 38 274 0.445 171 398 | 46 2.5 1,15 
50 SC 38 | 197 0.619 163 532 53 | 3.0 1.59 
50 48 477 0.253 156 366 42 | 25 1.05 
50 SC 48 243 163 | 321 50 28 1.40 
72 38 278 =| 0.442 | 169 475 49 2.4 1.18 
728SC | 38 214 0.560 161 462 55 | 20 1.10 
72 48 405 | 0.356 157 418 50 | 2.5 1.25 
72 SC 48 264 0.462 153 | 479 58 | 24 1.39 
96 42 270 | 0.445 166 | 455 51 | 25 1.28 
9%SC | 42 195 0.641 153 470 62 | 2.4 | 1.49 
96 | 48 405 0.356 162 340 56 a4 | ie 
96 SC | 48 274 0.448 | 158 228 60 | 20 1.20 
Cream used in these experiments contained 28.5 per cent butterfat. 

* 0.4 per cent sodium citrate added to samples marked with SC. 
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aging temperature exerts a decided effect upon the whipping ability of the 
cream, those aged at the higher temperatures requiring from 31 to 55 per 
cent more time to whip to the same degree of stiffness. As the cream used 
for this series was produced during the winter there are evidently other 
factors that must be considered in regard to the overrun. The drainage, 
however, is quite typical of the differences in the fat content. 

It is also evident that a richer cream may be aged at higher tempera- 
tures without destroying its whippability. These latter tables show that 
the whipping time increases slightly with aging, after the first 24 hours. 

The effect of the reaction of the cream as measured in terms of the titrat- 
able acidity has not been studied thoroughly. Table 4 and figure 5 are pre- 
sented only to show the more acid extremes that were obtained by the addi- 
tion of acid to the cream. It is usually stated that the aging of the cream 
allows the development of a slight degree of acid. The amount, however, 
is so small that it cannot be detected by the usual methods and if the results 
of aging shown in the previous charts and tables are indicative, then the 
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TABLE 4 
Reaction in terms of titratable acidity expressed as percentage of lactic acid 


DRAIN 
REACTION | WHIPPING ae PER CENT 
PSR CONT TIME INCREASE OVERRUN TIME WEIGHT | PERCENT| TOTAL 
OF ACID SECONDS PER SEC. SECONDS | GRAMS FAT aati 
0.10 176 0.625 148 498 37 6.88 2.56 
0.13 176 0.623 159 | 644 33 8.08 2.68 
0.25 209 0.529 143 915 23 7.75 1.78 
0.31 151 | 0.725 97 708 22 1.60 0.35 
0.25 174 | 0.632 150 633 33 7.85 2.59 
0.34 170 | 0.647 133 | 1694 18 3.38 0.61 
Cream contained 34 per cent butterfat. 
No.1 0.20 per cent sodium No.5 0.10 per cent citric acid and 
citrate added. 0.10 per cent sodium citrate 
No. 2 Control added. 
No.3 0.10 per cent citrie acid No. 6 0.20 per cent citric acid and 
added. 0.20 per cent sodium citrate 
No. 4 0.20 per cent citrie acid added. 
added. 


development of acid with aging is not desirable unless the time is limited to 
24 hours. It is impossible to detect any appreciable development of acid 
in pasteurized cream that has been held at temperatures of 42° F. and 
below for 48 hours. The samples of cream containing 0.20 per cent citric 
acid were very viscous and the flavor was too acid, after 48 hours the cream 
developed a rancid taste. The tables in this experiment are self-explana- 
tory. As will be shown later the fat test of the cream was too high for the 
addition of sodium citrate to produce a very decided improvement in the 
whipping time. It is interesting to note the effect of the addition of the 
sodium citrate to the samples containing the citric acid. 

There are two periods in the year when the commercial dairyman is apt 
to encounter trouble with his whipping cream. These are the early spring 
before the cows go on pasture and the late summer or early fall when the 
pastures are apt to be dry and the cows are receiving little, if any, supple- 
mentary feeding. It is known that there is a slight, but noticeable, de- 
erease in the amount of citric acid found in the average milk at these 
seasons. The addition of small amounts of sodium citrate to the milk 
should relieve these difficulties. Table 5 and figure 6 show the effect of 
the addition of varying amounts of sodium citrate to 293 per cent cream 
during the last week in April. In this series which is taken as an example 
from the data available it is evident that the addition of sodium citrate in 
amounts of more than 0.05 per cent has a very beneficial effect in decreasing 
the whipping time and the total fat losses in the drainage. Samples of 
these creams were submitted to different members of the department in 
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TABLE 5 
Addition of sodium citrate to cream in the early spring 
DRAIN 
PER CENT AVERAGE 
SODIUM WHIPPING TORQUE PER CENT 
CITRATE TIME INCREASE OVERRUN TIME WEIGHT | PER CENT FAT 
ADDED SECONDS PER SEC. SECONDS | GRAMS FAT = 
cate | 248 0.503 168 835 44 2.63 1.16 
0.05 276 0.500 165 1243 43 2.15 0.92 
0.10 | 219 0.609 171 720 44 2.38 1.06 
0.20 201 0.618 165 915 45 2.25 1.01 
0.40 179 0.713 165 932 47 1.95 0.91 


Cream containing 294 per cent butterfat. 


order to determine if the additions of sodium citrate could be detected. In 
a majority of the trials it was evident that no one could consistently pick 
out the untreated sample from the others. When more than 0.40 per cent 
was used there was a noticeable effect on the flavor so this figure was taken 
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Fig. 6. 


as the maximum amount that could be added. In one series of experiments 
the amount of sodium citrate added was almost one per cent of the weight 
of cream. In this case there was a very decided change in the flavor of 
the cream and while there was a beneficial action in cutting down the whip- 
ping time the effect was not proportional to the increased amount of sodium 
citrate. From a study of all samples containing sodium citrate in different 
amounts it seemed that the citrated samples were somewhat firmer in tex- 
ture, that is, they held the shape of the funnel better when removed at the 
end of the drainage period. 

The next study was taken up during the early summer so it is possible 
that the added sodium citrate did not exert its full effect. Table 6 and 
figure 7 show the effect of the addition of 0.40 per cent sodium citrate to 
creams of different fat contents. Above 35 per cent the addition of sodium 
citrate does not decrease the whipping time, but it does increase the overrun 
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TABLE 6 
Addition of sodium citrate to creams of different fat contents 
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DRAIN 
AVERAGE 
36 117 1.097 | 121 1160 18 | 2.00 | 0.36 
36 SC* 130 0.958 | 145 1065 26 223 | 0.59 
33 169 0.730 | 163 810 25 | 2.05 0.51 
33 8C 133 0.957 163 615 34 «| «(2.20 0.75 
31 261 0.478 158 670 36 | 2.70 | 0.97 
318C 193 0.647 | 159 631 41 | 218 | 0.89 
29.5 333 0.369 | 150 646 31 2.75 | 0.85 
29.5 SC 285 0.433 | 149 647 37 | 2.13 | 0.79 
28 400 0.264 | 146 302 56 | (3.55 | (1.99 
28 8C 341 0.367 | 145 402 52 | «193 | 1.00 
26.5 600 0.086 | 124 53 53 | 518 | 2.72 
26.5 SC 555 0.116 | 110 144 51 | 3.75 | 1291 


* SC indicates addition of 0.4 per cent sodium citrate to the cream. 


that can be obtained. All of the series shown in the table are not repre- 


sented in the accompanying graph. 


In all the factors studied in this research sodium citrate was added to a 
number of the experimental examples. The results of these are shown in 
the different tables, the samples marked with SC having sodium citrate 


added. From all of these experiments it is evident that the addition of this 
salt decreases the whipping time of the cream. The effect of the overrun 


TABLE 7 
Influence of the addition of various salts, using 0.40 per cent of each, on whipping 
properties 
DRAIN 
SALT WHIPPING ‘Toque PER CENT 
USED TIME INCREASE OVERRUN TIME WEIGHT | PERCENT| TOTAL 
SECONDS PER SEC. SECONDS | GRAMS FAT FAT 
Loss 
Control 296 0.414 158 949 21 2.75 0.58 
Sodium 
citrate 240 0.511 154 1185 22 2.00 0.44 
Caleium 
lactate 173 0.702 139 2454 8 | 193 0.16 
Calcium 
acetate 188 0.623 98 1354 11 1.95 0.21 
Di-sodium 
phosphate 194 0.660 155 1137 20 | 2.88 0.58 
Potassium 
citrate 196 0.670 163 731 30 3.25 0.98 


Cream containing 31.0 per cent butterfat. 
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varies, but in series of comparisons the difference is not sufficient to warrant 
any conclusions as to the helpful or detrimental effects. In general the 
amount of drainage from the citrated samples is somewhat greater, but the 
fat content is usually less, so that the total fat loss from the citrate sample 
is less than from the control. This is more evident in the creams of lower 
fat content. 

Having studied the effect of additions of sodium citrate the next series 
of experiments compared sodium citrate with other salts. Table 7 and 
figure 8 show the results of such a study. The addition of calcium lactate 
did not have any noticeable effect on the flavor, the acetate, however, gave 
the cream a rather sour and somewhat bitter flavor that was not pleasing. 
Di-sodium phosphate could be detected quite readily by the change in flavor. 
Potassium citrate was similar to the sodium salt in that it had no effect on 
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the flavor. The difference in cost would be in favor of the sodium salt. The 
drain time and small amount of serum draining from the calcium lactate 
sample was especially noted. The overrun of the two calcium samples was 
much lower than the others. On the basis of flavor effect, whipping time, 
drain time, and amount of drainage it seemed that further comparisons 
should be made between calcium lactate and sodium citrate. A number of 
experiments were made in this comparison and a typical series of results 
are presented in table 8 and figure 9. These results show that there is not 
the difference noted between the sodium citrate and calcium lactate in the 
preceding series. The addition of citrate decreased the whipping time, 
and the drainage while slightly greater in amount contained less fat, so that 
the total fat losses were practically the same. When the bottles of cream 
to which calcium lactate had been added were emptied a film formed on 
the glass that was not pleasing. From the results presented in this last 
table it would appear that the addition of 0.20 per cent of sodium citrate 
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TABLE 8 
Comparison of sodiwm citrate and calciwm lactate added in varying percentages to 
31.5 per cent cream on its whipping properties 


IN 
SALT AND AVERAGE ana 


AMOUNT WHIPPING TORQUE PER CENT 
(PER CENT) TIME INCREASE OVERRUN TIME WEIGHT | PER CENT 
ADDED SECONDS PER SEC. SECONDS | GRAMS FAT 


Control 0.795 169 867 (1.56 
0.10 SC* 0.852 
0.20 SC 0.980 166 1.25 
0.40 SC 2 0.953 1.28 


0.40 CLt 0.797 | 2.00 
0.20 CL 0.658 1.40 
0.10 CL 0.751 | 1.43 


* $C—Sodium citrate. 
t CL—Calcium lactate. 


Cream, 31.5% Far 
1+ 0.2% Na Citrate. Contro! 
2- 08% « 6- 01% Ca Lactate. 
4#=< 04% Ca Lactate. 


1 2 3 4 
Whipping Time - Minutes 


Comparison or Sooium Citrate ano Caccium Lactate 
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was the most satisfactory. In other series not shown in this paper other 
amounts of salts were added with results that were in agreement with those 
presented here. 

The results that are shown in this paper represent only a fraction of 
those obtained but they may be considered as typical of all the results that 
were obtained in the study of the factor in question. A further study will 
be presented at a later date. 


CONCLUSIONS 


1. Creams containing 30 to 34 per cent butterfat are the most satisfac- 
tory for whipping. 

2. The cream should be aged for 24 hours at a temperature of 40° F. or 
lower. The richer creams can be aged at higher temperatures with less 
danger of loss of whipping quality. 

3. The reaction of the cream as affected by aging is not as important 
as the other changes that occur in the cream during the time that it is held 
for aging. 

4. The poor whipping of cream in the early spring may be corrected by 
the addition of sodium citrate. 

5. In cream containing less than 34 per cent butterfat the addition of 
0.10 per cent to 0.40 per cent of sodium citrate decreases the whipping time 
without causing deleterious effects upon the cream. Whipped, citrated 


cream retains its shape when turned out of molds to a slightly better degree 
than the untreated cream. 


6. Of the various salts added to the cream sodium citrate gave the most 
satisfactory results as it decreased the whipping time and was not detected 
by changes in flavor of the cream. The body of the citrated creams seemed 
more uniform. 


In conclusion the authors wish to express their appreciation to Chas. 
Pfizer and Company, Inc., who have sponsored the fellowship under which 
this work has been accomplished. 


THE EFFECT OF INCREASED BLOOD GLUCOSE ON 
MILK SUGAR* 


Cc. H. WHITNAH, W. H. RIDDELL AND R. E. HODGSON 
Kansas Agricultural Experiment Station, Manhattan, Kans. 


The phenomenon of milk secretion offers many complex problems. 
Meigs (6) has presented an excellent review of the investigations in the 
field. None of these problems holds greater interest than the mechanism 
of lactose formation. It is generally accepted that lactose is synthesized 
in the mammary gland from the glucose of the blood. It has been known 
for some time that the lactose content of milk remains relatively stable fol- 
lowing changes in ration. Likewise the blood of an animal under normal 
conditions is known to be relatively stable for its glucose content. Tests 
at this station’ with dairy cows showed the daily addition of four to five 
pounds of molasses to the ration for a period of nine days caused no 
significant increase in the blood sugar. Other methods of changing the 
glucose level of the blood are required to observe the effect on milk. 

Foa (2) inereased the lactose concentration of goat’s milk by the in- 
jection of adrenalin. Banu and Heresco (1) reported that the lactose con- 
tent of human milk was unaffected by increase or decrease in the blood 
sugar level. Scheicher (8) concluded that the ratio of blood sugar to lae- 
tose in lactating cows is quite constant, except in very low production. 

Several studies have been made of the effect of inanition on the com- 
position of milk. Recently, Gowen and Tobey (4), carrying the investi- 
gation further to include certain constituents of the blood, have concluded 
that ‘‘all changes in milk composition during starvation can be directly 
related to simultaneous changes in the blood.’’ Their findings included 
marked decreases in blood glucose content, milk lactose, and milk yield: 

A recent study in this station (5) of factors influencing the blood sugar 
level of dairy cattle, afforded an excellent opportunity to investigate the 
effect of increased blood glucose on milk sugar. The primary purpose was 
to discover changes in the lactose content of the milk. However, since in- 
dications of other sugars have been found in milk (7), (9) provision was 
made to detect the presence of unconverted glucose. 


METHODS 


The rise in blood sugar was produced experimentally by pumping 
glucose solution into the stomachs of lactating cows.*? The glucose was 


Received for publication August 22, 1932. 

1 Contribution No. 167 from the Department of Chemistry and No. 79 from the De- 
partment of Dairy Husbandry. 

2 The authors wish to acknowledge their obligations to Dr E. J. Frick and Dr. L. O. 
Mott of the Division of Veterinary Medicine for their assistance in this procedure. 


347 


8}80} [[@ JO 


| 00'S | 19°F | IL’ 
18°F 08°F 19°F tLe | 
Tes Lvs Lvs sos | 

| 80's GLY £8'F 
02'S - rs | ors 
99°F 68°F 
19°F 
CFF 
crt 61'S 90°F 
19°F 

‘Nd NOON NOON Z NOON I NOON 


C. H. WHITNAH, W. H. RIDDELL AND R. E. HODGSON 


348 


10d) 
fo uvins uo sv6ns poojq pasvasow fo yoaffa ay, 


T 


4 
| 
hee < < < 
= 
= a 


349 


‘aZusop Aup yo ¥IIW=F 
‘aZesop Aep Jo uoou =F WOON 
‘aZesop Aep jo uMvip ‘WV 
‘aZesop jo Aep yo uMBIP “Wd 
‘adesop yo Lep jo uoou uMBIP WOON 
‘odusop yo Avp jo umeip “WV 
‘aZvsop o10zoq jo uMBIP 
‘aZesop Aup Jo woou uMBIP WOON 


= 
‘aBesop o10zoq Avp jo uMeIp “N'V 
=) ‘aBusop puodes yo UMVIP 
‘aBesop o10zoq Avp puodes Jo uoou ‘AIIM = 
| 6r er st’ 8380} JO 
er or cr 60 60" 03° Iv ‘OAV 
or | 60° 10° or 90° st 60° 11 dnorp 
| 13° sr | (08°) 02° 02° ‘aay 
or 00° or £0" or 00° 9 
& er" 90° rd 60° | 60° 90° ¢ dnoip 
5 80° or or or cr 10° 
90° Iv 40° 80° 00° 
60° co" sr 80" | 60° 


(qua0 
(panuyju09)—T 


350 C. H. WHITNAH, W. H. RIDDELL AND R. E. HODGSON 


administered at three different intervals in relation to the hour of milking. 
The tests, accordingly, have been arranged in three groups. 

The first group included tests 10, 11, 12 and 17. The cows in this 
group were milked at 4:00 a.m. and 4:00 p.m. The sugar was admin- 
istered at 9:00 a.m., so that the first milking following dosage occurred 
about the time the blood sugar had returned to normal. 

The second group included tests 5, 6, 7, 8, 9, and 16. The cows were 
milked at 4:00 a.m., 11:00 a.m., and 4:00 p.m. The glucose solution 
was administered at 9:00 a.m. so that the first milking after dosage, 
termed the ‘‘noon’’ milking, would come after a short interval between 
milkings, and at the time of maximum change in the blood sugar level. 

The third group included tests 13, 14, and 15. The cows in this group 
were milked at 4:00 a.m., 4:00 p.m., and 10:00 p.m. The sugar was ad- 
ministered at 2:00 p.m. on two successive days. The first milking after 
dosage, also termed the ‘‘noon’’ milking, came about the time of maximum 
change in blood sugar, but following a longer interval between milkings. 

Blood sugar values (3) were determined for two days preceding and 
at frequent intervals after dosages. Samples of each milking were col- 
lected for two days before and continuing until the final milking of the 
day following dosage. The milk sugars were determined by a method (9) 
recently developed by one of us. 
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The results are arranged in table 1 to afford comparisons of lactose and 
glucose in corresponding milkings before and after dosage. The averages 
shown in parenthesis, are corrected for the fact that not all cows could be 
included. The averages for lactose and glucose in each group are shown 
graphically in figure 1. The blood sugar values obtained during produc- 
tion of the milk samples appear in table 2. 


DISCUSSION 


From these data it is seen that the dosage caused an increase in blood 
sugar to as much as three times its original value (average increase from 
59 milligrams per 100 ee. to 108 milligrams per 100 ece.). This increase 
usually was quite marked within half an hour after dosage and had largely 
disappeared in four to seven hours. The maximum increase was reached 
about two hours after the glucose solution was administered. 

The large increase in blood sugar was accompanied by a small increase 
in lactose concentration in all milkings drawn two hours after dosage 
(Groups II and III). The average actual increase was from 4.80 per cent 
before dosage to 5.00 per cent after dosage. This corresponds to a 4.17 
per cent increase in the lactose. The increase was found at the end of a 
long or short interval between milkings and either from cows in high or 
low production. There was no significant increase of lactose in milk 
drawn seven or eight hours after dosage (Groups I, II and III). In most 
eases the rise in blood sugar had largely disappeared by that time. The 
concentration of lactose on the morning following dosage was significantly 
lower than for corresponding milkings before dosage. This decrease was 
not accompanied by a low blood sugar level. 

The fact that the increase in lactose was prompt and of short duration 
indicates that the conversion of glucose in the blood to lactose is probably 
quite direct and does not involve storage of either of these substances or 
of intermediate products. The failure of milkings drawn seven or eight 
hours after dosage to show an increase in lactose might be explained as re- 
sorption of any excess lactose following return of the blood sugar to normal 
values. This explanation, however, would not account for the subnormal 
concentration of lactose on the morning following dosage. 

The fermentable sugar calculated as glucose was increased by the 
dosage. It was most pronounced in milk drawn seven or eight hours after 
the glucose was administered. The average increase at this time was from 
0.13 per cent to 0.19 per cent. This corresponds to 47 per cent of the 
glucose present in the milk before dosage. The increase in glucose per- 
sisted for approximately 24 hours. 

The simultaneous increase of glucose and decrease of lactose in the milk 
drawn on the morning following dosage is a point of interest. Just what 
significance attaches to this observation is not known. It is certain, how- 
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ever, that these opposite changes cannot both depend directly on the con- 
centration of blood sugar. 

The average changes in fat, total solids, and milk yield did not show any 
consistent direction and usually were not significant when compared to the 
variations on the days preceding dosage. The effect of the increase in milk 
sugars on total solids was masked by the large variation in fat. There 
were isolated instances of large effects on all these values which probably 
could be attributed to disturbances in metabolism as a result of the dosage. 


SUMMARY 


The blood sugar of lactating cows was increased experimentally. 

Milk drawn at the time of maximum increase of blood sugar showed 
higher lactose concentration than corresponding milkings on preceding or 
following days. This increase was followed by a decrease to a subnormal 
value. 

The increase of lactose in milk was not proportional to the increase in 
blood sugar. 

The average amount of fermentable sugar in milk calculated as glucose 
showed a significant increase for approximately 24 hours after the rise in 
blood sugar. 

The concentration of blood glucose was found not to be a primary 
factor controlling the concentration of lactose in milk. 
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MAINTAINING THE VITAMIN A VALUE OF BUTTER THROUGH 
WINTER FEEDING CONDITIONS* 


J. H. HILTON, 8. M. HAUGE anp J. W. WILBUR 


Departments of Dairy Husbandry and Research Chemistry, Purdue University 
Agriculture Experiment Station, Lafayette, Indiana 


The public is constantly demanding higher quality in dairy products 
and the dairy producers are attempting to meet this demand. Therefore, 
the problem of securing and maintaining the highest possible quality of 
these products is becoming increasingly important. Formerly the varia- 
tion in quality of dairy products was judged largely upon cleanliness, 
purity, and fat content. It is now recognized that in addition to these, the 
vitamin content of dairy products is of great importance in determining 
quality. 

Numerous investigators have studied the different vitamins contained in 
milk and milk products. Many of these investigations have shown that the 
vitamin content of milk and its products is largely dependent on the feeds 
fed to the cow. This is especially true of vitamin A. 

In 1918, Steenbock, Boutwell and Keats (1) noted variations in the 
amount of vitamins present in butterfat and surmised that this variation 
might be due to the ration. Later, Hess and Unger (2) suggested that the 
insufficiency of vitamin A in milk used in their experiments might be due to 
the winter ration of the cow. In 1922 Dutcher and Kennedy (3) definitely 
showed that the vitamin A content of milk varied with different feeds. 
Further investigations by Drummond and co-workers (4, 5), Luce (6, 7), 
Golding and co-workers (8, 9), Krauss (10), and Moore (11) have shown 
that milk and butter produced by cows when stall fed were relatively low 
in vitamin A and could be increased by feeding such feeds as pasture, cod- 
liver oil, kale, carrots or green roughages. It is also interesting to note that 
MacLeod and co-workers (12) found that the vitamin A value of milk re- 
mained fairly constant throughout the year when the cows were fed on the 
same feeds which may be further interpreted as indicating that variations 
in the vitamin value of butterfat must be due to differences in the feed 
alone. 

Since it is recognized that cows on green pasture produce milk and 
butter of high vitamin A value and that cows which are stall fed generally 
produce dairy products of lower vitamin value, this investigation was con- 
ducted for the purpose of attempting to maintain a higher vitamin A value 

* Published with the approval of the Director of the Purdue University Agricultural 
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of these products through winter feeding conditions by the use of practical 
farm feeds. Since a practical method of introducing vitamin A activity to 
the rations of cows is through the use of hay or grass of high vitamin A 
value, alfalfa hay, soybean hay, and timothy hay were studied, using fall 
and spring pastures as checks. 


EXPERIMENTAL 


These experiments were conducted in such a manner that green pasture, 
alfalfa hay, soybean hay, and timothy hay were the chief sources contribut- 
ing to the vitamin A activity of the rations fed to the cows. The fall pas- 
ture consisted of green blue grass of ample quantity. The spring pasture 
was fresh green blue grass of excellent quality. All of the hays used during 
the stall feeding periods were of good quality. The alfalfa hay was from 
second cutting, free from weeds, cut during the bloom stage and field cured 
in the absence of rain. The soybean hay was cut when the beans were 
approximately two-thirds formed in the pods, the hay being free from 
weeds, field cured and no rain fell during the curing process. The timothy 
hay was cut during the usual stage of maturity, being of excellent quality, 
bright in color, free from weeds and field cured in the absence of rain. 

Six cows were used in this feeding experiment. Since previous work 
(13) had shown that breed was not a factor in determining the vitamin A 
value of the butter produced, these cows were divided into three groups as 
follows for the winter feeding trials: Lot 1, two Guernseys; Lot 2, one 
Guernsey, and one Ayrshire; and Lot 3, one Guernsey and one Ayrshire. 
In addition to the respective hays under test in each period of feeding, all 
the cows received a grain ration consisting of 400 pounds ground white 
corn, 200 pounds ground oats, 100 pounds linseed oilmeal and limited 
amounts of silage. White corn was used instead of the usual yellow corn 
in order that the grain ration would carry a minimum of vitamin A thus 
restricting the vitamin A activity of the ration to the hay alone. At the 
end of each test period, composite samples of milk (equal amounts from 
each cow) from each lot were collected, the cream separated and churned 
into butter. These samples were kept in cold storage and portions removed 
as needed for biological assay. 

The vitamin A value of these samples of butter were determined by 
biological assay, using the curative method. Young albino rats were used 
as experimental animals. The number of animals employed for each dosage 
ranged from four to eight animals, the sex distribution being equal. Each 
rat was kept in an individual cage of a type which prevented access to 
excreta. The vitamin A deficient ration was given ad libitum in modified 
MeCollum type feeding cups. This vitamin A deficient ration had the fol- 
lowing composition : Casein (extracted), 18 per cent; ground white corn, 25 
per cent; dextrin, 36 per cent; lard, 10 per cent; salt mixture (MeCollum’s 
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185), 4 per cent; agar, 2 per cent; and yeast (Fleischman’s Irradiated), 5 
per cent. During the preliminary depletion period, the rats were restricted 
to the vitamin A deficient ration until the storage of vitamin A in the ani- 
mals was exhausted, as evidenced by definite symptoms of vitamin A de- 
ficiency. At this point, usually 2 to 3 weeks, the animals were given doses 
of butter in amounts of 30, 50, 75, 100, 150 and 200 mgs. daily. These 
doses were mixed with small amounts of the basal ration in small glass 
dishes and fed to the individual rats. The test period was eight weeks. 
Weekly records of weight of the animals and food consumption were kept. 
The results of the biological assays are reported in Sherman and Munsell 
(14) vitamin A units, a unit being the amount of butter necessary to give a 
growth response to approximately three grams per week for eight weeks. 


Lot I. (Two Guernsey cows.) 


The two Guernsey cows in Lot 1 had access to fall pasture until October 
first. On this date they were changed to winter feeding conditions, receiv- 
ing through the successive feeding periods, timothy hay, alfalfa hay, tim- 
othy hay, soybean hay and, during the last period, spring pasture. The 
duration of these test periods, the churning dates of the samples of butter 
collected and the results of the biological assays are shown in Chart 1. 


40 lot 1. 
30) 


Pasture Timothy Alfalfa Timo Soybean Pasture 
hay hay hay at hay 


VITAMIN A UNITS PER GRAM 


70 days 67 days — 19 days 


Churning Oct. Deo. Feb. . 
dates 1. 10. 15. 
CHartT 1 


Showing the Vitamin A values of butter produced by cows on various feeds during 
different feeding periods. 


Using the butter produced on fall pasture as a check it is interesting to 
note that during the seventy-day period on timothy hay, the vitamin A 
value of the butter was reduced from 32 units per gram to 12 units. Al- 
falfa hay in the next sixty-seven day period restored the vitamin A value 
of butter to that of fall pasture. By again reducing the vitamin A value 
of the butter by feeding timothy hay during the next fifty-day period it is 
seen that soybean hay did not fully restore the vitamin A value of the 
butter during the following thirty days to that of alfalfa or fall pasture. 
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During the last feeding period of nineteen days on spring pasture the vita- 
min A value of the butter from these cows was apparently increased to a 
value slightly higher than that on fall pasture. 


Lot II. (One Ayrshire cow and one Guernsey cow.) 


The purpose of the experiment with lot 2 was to determine whether or 
not it would be possible to maintain the vitamin A value of the butter pro- 
duced on fall pasture by continuous feeding of alfalfa hay. The feeding 
periods and the results of the biological assays are given in Chart 2. 


Lot 2. 


3 


Pasture Alfalfa Alfalfa 
hay hay 


VITAMIN A UNITS PER GRAM 
| | 


70 days 67 days 


Churning Oct. Dec. Feb. 
dates 1. 10. 15. 


CHART 2 


Showing the Vitamin A values of butter produced by cows on pasture followed by 
periods of continuous feeding of alfalfa hay. 


lot 3. 
sol 
5 20+ 
< Pasture Soybean Soybean 
hi 
~ 
a 
= | 70 days 67 days 
Churning Oct. Dec. Feb. 
dates le 10. 15. 
CHarT 3 


Showing the Vitamin A values of butter produced by cows on fall pasture followed 
by periods of continuous feeding of soybean hay. 
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Using the butter sample produced by these two cows on fall pasture as 
the check, it is seen that the alfalfa hay used in this experiment was highly 
effective in maintaining the vitamin A value of the butter throughout the 
respective periods. 


Lot III. (One Guernsey cow and one Ayrshire cow.) 


The object of this experiment was to determine the relative efficiency 
of soybean hay in maintaining the vitamin A level of butter during winter 
feeding conditions. The feeding periods and the results of the biological 
assays of the butter produced by the cows in this experiment are shown in 
Chart 3. 

Using pasture produced butter as a check it may be seen that soybean 
hay was fairly effective in maintaining the vitamin A value of winter pro- 
duced butter, but it apparently was not quite as effective as alfalfa hay. 


DISCUSSION 


From the results of these experiments, it is evident that it is possible to 
maintain a high vitamin A value of butter by practical feeding methods. 
Green pasture is known to produce dairy products of high vitamin A ac- 
tivity. This was demonstrated in the pasture produced butters which 
were used as checks. It is also known that stall fed cows receiving rations 
poor in vitamin A, produced milk and butter of low vitamin A potency, 
which was confirmed in these tests when timothy hay served as the source 
of vitamin A. These experiments show further that alfalfa hay and soy- 
bean hay are very effective in both maintaining the value of vitamin A and 
also in restoring it to normal summer values. 

The data of these experiments show that there is a close correlation of 
results between the various lots when fed the same rations, and that inter- 
pretations of results can be made by direct comparison, regardless of dif- 
ferences in breed of cows constituting the various lots. It is seen that the 
three lots of cows on fall pasture produced butters of approximately equal 
vitamin A value. Likewise, alfalfa hay produced similar results in Lots 1 
and 2. Also, that the samples of butter produced on soybean hay in Lots 
1 and 3, were similar in vitamin A value although somewhat lower than 
the samples produced on pasture or on alfalfa hay. This shows that the 
vitamin A value of butter is determined by the Vitamin A activity of the 
feeds, and that the breed of cows is not a determining factor. This con- 
firms our earlier work (13). 

It has been shown by Moore (11) that the cow is capable of converting 
the carotin in her ration into vitamin A, but that the daily output of carotin 
and vitamin A in the milk fat is very small in comparison with the amount 
of carotin in the diet, never exceeding that of normal summer butter regard- 
less of the amount of carotin in the feeds fed. Undoubtedly, the pasture, 
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alfalfa hay, and soybean hay used in these experiments contributed carotin 
far in excess of the amounts actually converted into vitamin A and trans- 
ferred to the butter. However, there may be factors effecting this conver- 
sion which may influence the efficiency of some feeds as sources of vitamin 
A activity. Therefore, at this time, there is no certain explanation for the 
slightly lower efficiency of soybean hay as compared with pasture and al- 
falfa hay. However, in the case of timothy hay, the carotin content is 
probably relatively low at this stage of maturity. It might be found that 
timothy hay would give better results if cut at earlier stages of maturity. 

The results of these experiments indicate that the storage of vitamin A 
in the tissues of the cow during periods producing butters of high vitamin 
A value, is insufficient to impart or maintain for very long this high value 
to butter during periods when cows are fed on rations with lower vitamin A 
value. This is shown by the rapid drop in vitamin A activity of the butter 
from the cows in lot 1 when they were changed from pasture to timothy 
hay and again, in even a shorter period, from alfalfa hay to timothy hay. 
It is also to be noted that the response to feeds high in vitamin A activity 
is very rapid as shown by lot 1, when soybean hay replaced timothy hay 
for 30 days and again when spring pasture replaced soybean hay for only 
19 days. This would indicate that the vitamin A value of butter responds 
very rapidly to a change of diet of the cows. 


SUMMARY 


1. Experiments have been conducted to determine the relative efficiency 
of various feeds in maintaining the high vitamin A value of summer pro- 
duced butters. 

2. Using samples of pasture produced butter of high vitamin A value 
as checks, it was found that under winter feeding conditions, timothy hay 
produced butter of low vitamin A value, while good quality alfalfa hay 
and soybean hay were very effective in either maintaining the high vitamin 
A level of butter or in restoring it to normal summer values. Thus it is 
possible to maintain a high vitamin A value of butter by practical feeding 
methods. 

3. From the data presented in these experiments, it is evident that the 
vitamin A value of butter responds very rapidly to changes in the vitamin 
A value of the rations fed to the cows. 
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WET VERSUS DRY BEET PULP FOR MILK PRODUCTION? 


H. O. HENDERSON anp C. E. TEAGUE 


Department of Dairy Husbandry, West Virginia University, 
Morgantown, West Virginia 


It has been the general practice among dairymen to soak beet pulp be- 
fore feeding, the belief being that soaking changes the nature of the pulp, 
making it succulent and more palatable. In fact, wet beet pulp has often 
been classified as a succulent feed. The soaking of the pulp always pre- 
sents certain difficulties, such as obtaining water-tight containers in which 
to soak and store the wet pulp, and having conveniently at hand a supply 
of water with which to soak it. Soaking the pulp also takes considerable 
time which is not required in the feeding of dry pulp. However, it has 
been thought that the extra labor and inconvenience required in the feed- 
ing of wet pulp was necessary in order to derive the greatest benefit from 
the beet pulp. Whether such is the case has not been definitely proved, 
but experimental data indicate that it may not be as necessary to soak the 
pulp as has been thought. 

Maercker and Morgen (1) compared the feeding of wet diffusion residue 
from the manufacture of sugar beets with the dry diffusion residue, and 
found no benefit of feeding the former to dairy cows over the feeding of 
the latter. Malpeaux (2) also found that dairy cows showed no appre- 
ciable difference in milk flow when fed fresh pulp than when fed dry pulp. 
The Bureau of Dairy Industry (3) conducted one trial comparing the feed- 
ing value for dairy cattle of beet pulp fed dry with beet pulp fed wet, and 
found very little difference in the two methods as to the amount of milk 
produced, the gain in body weight, the palatability of the ration, the 
amount of hay eaten, or the laxativeness of the ration. Woodman and 
Calton (4) state that as affecting digestibility it is immaterial whether 
beet pulp is included in the ration for ruminants in a dry or soaked condi- 
tion but that it is advisable, with liberal allowance of this product, to 
soften well with water prior to feeding. 

Since some of these results seemed to conflict with the general practice 
among dairymen, it was considered advisable to compare the two methods 
under practical conditions and to determine if there is any difference in 
the two methods of feeding. 


EXPERIMENTAL 


Plan.—Three feeding trials were conducted at the West Virginia Agri- 
cultural Experiment Station to determine the relative value of beet pulp 
Received for publication October 13, 1932. 
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when fed wet and when fed dry, under conditions where the cows had 
access to water from drinking cups at all times. The reversal method of 
feeding was used. Each trial lasted for a period of ten weeks, which in- 
eluded a seven-day preliminary and a seven-day transition period. 

Animals Used.—The cows used were selected from the University herd 
and were purebred Holsteins, Jerseys, and Guernseys. The cows in each 
trial were divided into two groups and were grouped as equally as possible 
in regard to breed, age, weight, period of gestation and lactation, daily 
milk yield, and percentage of butterfat. Eight cows were used in each of 
the first two trials, and ten cows were used in the third trial, making a 
total of twenty-six cows used during the three trials. The cows were in 
various stages of lactation and the milk production ranged from approxi- 
mately 20 pounds per day to 65 pounds per day. Four animals were giv- 
ing 50 pounds or more of milk per day and four others were giving 25 
pounds or less of milk per day. The others varied between these extremes. 

Feeding.—Both groups in all trials received similar feed except that 
the one group was fed its beet pulp dry, while the other group was fed the 
same quantity of beet pulp soaked with three times its weight of water and 
allowed to stand from one feeding period to the next, a period of about 
eight hours. 

The same grain mixture was fed to both groups. Alfalfa hay was fed 
to both groups with the exception of a short time in the first trial when, 
because of a lack of sufficient alfalfa, mixed clover and timothy was fed. 
The hay was fed at the rate of one pound per 100 pounds live weight with 
the exception of the second trial, when it was increased to one and one-half 
pounds per 100 pounds of live weight. The beet pulp was fed at the rate 
of three-fourths pounds of dry pulp per 100 pounds live weight. The re- 
mainder of the requirements, as figured by the Morrison Feeding Stand- 
ard, was supplied through the grain ration. 

Weighing.—_The cows were weighed three times each week. These 
weights were used to determine whether the cows in the different groups 
were gaining or losing in weight and were also used as a basis for caleu- 
lating the feed required for maintenance. 

Water Consumed.—The cows had access at all times while in the barn 
to drinking cups equipped with water meters. These meters were read 
each day at approximately the same hour. The cows had access to no 
water except what they received through their drinking cups. They were 
allowed to run in a drylot a part of each day when the weather was favor- 
able. 

Milk Records.—The amount of milk produced by each cow was weighed 
and recorded after each milking and a composite sample of milk was taken. 
These were tested for butterfat each week. 
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RESULTS 


Milk and Butterfat Production—The milk and butterfat production of 
each cow is shown in table 1. It will be noted from this table that the 
twenty-six cows during a period of four weeks when fed on wet pulp pro- 
duced a total of 23,307.0 pouinds of milk and 747.8 pounds of butterfat and 
that the same twenty-six cows when fed dry beet pulp produced 23,369.7 
pounds of milk and 760.03 pounds of butterfat during the same length of 


TABLE 1 
Milk and butterfat produced by individual cows 
WET PULP PERIOD DRY PULP PERIOD 
Milk Butterfat Milk Butterfat 
Cam) | Per cent | Lbs. (ida) Per cent Lbs. 
| First Trial q 
147 | 1254.4 2.85 35.73 1161.0 | 2.90 33.68 
154 | 1660.7 3.22 | 53.40 1535.4 3.34 51.22 
174 | 1102.3 2.94 32.38 1156.5 2.98 34.42 
176 1277.2 2.92 37.32 1393.5 3.05 42.53 
218 | 1073.7 388 | 4166 | 1216.8 3.93 47.86 
220 | 889.7 5.12 45.53 811.0 5.35 43.35 
255 911.0 2.94 26.75 857.1 2.86 24.53 
256 860.7 3.10 26.70 904.7 2.95 26.70 
Second Trial 
40 670.8 2.58 17.29 594.3 | 2.56 | 15.22 
130 434.6 3.54 15.40 587.9 | 3.31 | 19.48 
168 622.4 4.02 25.04 591.8 4.33 25.65 
171 1023.8 3.37 34.54 978.8 3.27 32.05 
208 638.5 2.98 19.01 624.3 3.29 20.52 
216 537.7 3.05 | 16.40 575.7 | 2.90 | 16.68 
232 391.4 5.19 20.33 399.9 5.29 21.14 
234 813.5 | 2.65 21.59 1014.8 2.80 28.38 
Third Trial 

171 856.5 | 3.51 30.06 628.3 3.79 23.82 
176 | 1279.2 | 3.02 38.67 1483.8 | 3.05 45.25 
211 1239.3 2.95 | 36.52 1076.9 2.98 32.05 
234 956.2 | 2.75 26.27 1001.4 | 2.95 29.53 
242 1142.9 | 3.05 | 34.85 1093.7 | 3.15 34.43 
255 917.7 2.87 26.35 963.1 2.87 27.68 
264 614.3 | 3.08 18.89 576.8 3.13 18.07 
267 887.5 | 2.95 26.17 921.0 2.90 26.70 
274 773.8 3.45 26.70 714.4 3.34 | 23.83 
277 477.2 2.99 14.25 506.8 3.01 15.26 
Total | 23307.0 | 747.80 | 23369.7 760.03 
Average | 896.4 | 3.21 28.76 | 898.8 3.25 29.23 
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time. This was an average total difference of 2.4 pounds of milk and 0.47 
pounds of butterfat in favor of the cows fed the dry beet pulp, or, as shown 
in table 2, a difference of less than 0.1 of a pound of milk per cow per day. 

The percentage of butterfat was slightly higher for the cows while being 
fed the dry pulp. The average difference was only 0.04 per cent but it 
was noted that of the 26 cows, seventeen tested higher during the period 
when they were fed dry pulp, one remained the same during both periods, 
while eight were higher when they were fed the wet pulp. 

Body Weight.—There was very little difference in body weight when on 
the wet or dry beet pulp. The average gain of the twenty-six cows when 
on the wet pulp was 8.9 pounds for the three-week period. While they 
were fed dry pulp they gained 14.3 pounds. 

Palatability—It was noted throughout the experiment that the cows 
seemed to relish the dry pulp somewhat more than they did the wet pulp. 
However, they did not refuse any pulp when fed either wet or dry with the 
exception of one cow (274) which refused most of her feed for a short 
period when on the dry pulp. This, however, was not due to the palata- 
bility of the pulp. 

Time Required.—It required an average of 10.8 minutes to prepare and 
feed the wet pulp to a group of five cows while only 4.7 minutes were re- 
quired for the feeding of the dry pulp to the same number of cows. Most 
of this extra time was required for preparing the wet pulp for feeding, as 
there was little difference in the time required for the actual feeding of the 
two types of pulp. 

Amount of Water Consumed.—The amount of water that cows con- 
sumed when fed the two kinds of pulp was practically the same when the 
amount used to soak the pulp was considered. The average daily amount 
of water consumed by the twenty-six cows when fed wet pulp was 104.2 
pounds (amount used to soak pulp included); when they were fed dry 
pulp it was 102.3 pounds. 

SUMMARY 


In a reversal experiment consisting of three 10-week trials, the relative 
feeding value of wet and dry beet pulp for milk and butterfat production 
was determined. 

Eight cows were used in each of the first two trials and ten cows were 
used in the third trial. During each trial the cows were divided into two 
equal groups. One group received wet beet pulp while the other group re- 
ceived dry pulp. The groups were reversed at the end of the first five 
weeks. 

The total milk and butterfat production was slightly higher for the 
cows while receiving dry pulp. The 26 cows produced 23,369.7 pounds of 
milk and 760.03 pounds of butterfat while being fed dry pulp, as compared 
with 23,307.0 pounds of milk and 747.80 pounds of butterfat while receiv- 
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ing the wet pulp. The average daily production per cow while receiving 
dry pulp was 32.10 pounds of milk and 1.044 pounds of butterfat, as com- 
pared with 32.01 pounds of milk and 1.027 pounds of butterfat while re- 
ceiving the wet pulp. 

The butterfat percentage was slightly higher while the cows were re- 
ceiving dry pulp. The average butterfat percentage was 3.25 while on dry 
pulp, and 3.21 while on wet pulp. Seventeen of the 26 cows tested higher 
while receiving dry pulp, one cow tested the same on both wet and dry 
pulp, and eight cows tested higher while receiving the wet pulp. 

The cows consumed slightly more water while receiving wet pulp. The 
average daily water consumption per cow was 104.2 pounds on wet pulp, 
and 102.3 pounds on dry pulp. 

The average gain in body weight was slightly greater for the cows re- 
ceiving dry pulp. The average gain per cow was 14.3 pounds while re- 
ceiving the dry pulp, and 8.9 pounds while receiving the wet pulp. 

It was found from an average of several feedings that more than twice 
as much time was required for preparing and feeding a group of five cows 
wet pulp as was required for feeding the same number of cows dry pulp. 


CONCLUSIONS 


When dairy cows are given free access to water, there is no appreciable 
difference in the feeding value of wet and dry beet pulp as to the amount 
of milk and butterfat produced, palatability, the maintenance of body 
weight, and the amount of water consumed. It requires considerably 
more labor to prepare and feed the pulp wet than it does to feed it dry. 
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A NOTE ON THE SURFACE TENSION OF HOMOGENIZED CREAM 


BYRON H. WEBB 
Research Laboratories, Bureau of Dairy Industry, U. S. Department of Agriculture, 
Washington, D. C. 


The effect of homogenization upon the surface tension of creams of 
various butterfat percentages was studied as a part of other work con- 
cerned with the physical changes produced in cream as a result of homogen- 
ization. Since data of a similar nature have not been found in the litera- 
ture, the figures below are reproduced in the hope that they may be of 
value to investigators interested in the changes occurring in cream during 
homogenization. 

According to earlier investigators, homogenization of skim milk produces 
a slight lowering in its surface tension (1) (2). The homogenization of 
whole milk has been found to affect its surface tension in a somewhat ir- 
regular manner. Several investigators have noted decreases in this value 
(3) (4) (1) while one at least reports that there is a tendency for the sur- 
face tension of milk containing 4 per cent fat to be increased by homogen- 
ization (2). 

The influence of homogenization upon surface tension, as the fat content 
is increased above that found in normal milk, has not been reported except 
in the case of ice cream mixes. Since homogenization primarily involves a 
change in the fat phase it follows that the surface tension of high fat creams 
should be considerably influenced by such treatment. The results of several 
investigators show that homogenization materially increases the surface ten- 
sion of ice cream mixes (5) (6) (7) (8). 

The measurements reported in this paper have to do with the surface 
tension of creams of varying fat percentages which have been homogenized 
at different pressures. 


EXPERIMENTAL 


Surface tension measurements were made at 25° C. by means of the 
du Noiiy apparatus which measures the force necessary to pull a platinum 
ring of radius = 0.6366 cm. from the surface of the liquid. The results are 
expressed in dynes. 

Considerable care was necessary in making the surface tension measure- 
ments to check the results on duplicate samples. Both the ring and the plati- 
num dish (diameter =5 cm., capacity = 25 ce.) were cleaned and heated to 
redness over a burner before each observation. The cream samples were 
well and uniformly mixed, poured into the dish and the readings taken im- 
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mediately. The screw lifting the platinum ring was turned at a uniform 
rate of speed. At least three readings were taken and the average value 
was used. Corrections were made for the deviation of the beam from its 
zero position before the tension was released by the rupture of the film. 
This correction which was 3.5 degrees on the tensiometer scale was sub- 
tracted from the seale reading. Corrections for the shapes of the surfaces 
(F) according to the data of Harkins and Jordan (9) were made. This 
factor, when the specific gravity of cream is considered as 1.015, amounted 
to 0.9866. The surface tension was therefore obtained by the formula: 


M 
a.t.= ae F / corrected dial reading 
where in this case: 


M = weight of liquid raised above the free surface of the 
liquid = 0.610 gram 

g=981 

R =radius of the ring = 0.5366 cm. 

F = 0.9866 

Notwithstanding the above corrections it is realized that these values 
cannot be considered as absolute. The greatest source of error is found in 
the nature of the material itself. The surface of cream is constantly chang- 
ing so that it is necessary to make the readings in a uniform manner with 
regard to stirring of the cream and time of standing before drawing the 
ring from its surface. The procedure for surface tension measurements as 
outlined above proved fairly satisfactory but occasionally large variations 
oceurred, as is shown in the data below. 

Creams of various fat contents were preheated to 80° C. and homoge- 
nized at once at this temperature with a single stage Progress homogenizer 
of 60 gallons per hour capeity. Homogenization pressures from 1000 to 
3500 pounds per square inch were used. Surface tension measurements 
were made after 4 hours, 24 hours, and 3 days; the cream being held dur- 
ing these intervals at 8° C. There appeared to be no definite trend due to 
aging, both increases and decreases being observed. 

Table 1 shows the effect of different pressures of homogenization upon 
the surface tension of creams of various fat percentages. 

Since no definite trend was noted as a result of aging the cream, the 
three measurements have also been used to give an average value. It will 
be noted that measurements made on the homogenized creams gave more 
nearly constant results probably because of the fact that less fat separation 
occurred both while the cream was stored and while the measurements were 
being made. The average values have been plotted in Figure 1. 

The results of Dahlberg and Hening (10) which show that as the fat 
content of a raw or pasteurized milk or cream is increased its surface ten- 
sion is decreased are confirmed here. This tendency for the surface tension 
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to decrease in higher fat creams does not, however, hold true when such 
creams are homogenized as is shown in Table 1. Two factors, high fat 
with its ability to lower surface tension and homogenization with its ten- 
dency to raise it, come into play. Since the whipping properties of ice 
cream mixes rich in fat have been observed by Dahlberg (11) to be mark- 
edly decreased by homogenization at relatively high pressures he has sug- 
gested that the increase in surface tension occurring under such conditions 
as is shown on the creams in Table 1 may be an explanation of this fact. 


CONCLUSIONS 


The homogenization of cream increases its surface tension. As the 
homogenization pressure and the fat content of the cream is increased 
corresponding increases in surface tension occur. 

The difficulty experienced in securing consistent, static, surface tension 
values for colloidal protein solutions such as milk or cream, the surfaces of 
which are constantly changing, indicates that a reliable method of measur- 
ing dynamic surface tension would reflect more accurately the true surface 
tension of the solution. 
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STUDIES ON THE BUTTER CULTURE ORGANISMS IN BUTTER* 


J. A. NELSON AND B. W. HAMMER 
Iowa State College, Ames, Iowa 


The microscopic examination of various dairy products supplies infor- 
mation on the morphologic types of organisms contained that is very useful 
in any attempt to determine the conditions under which the products were 
produced and handled. In the case of milk, the significance of certain 
morphologic types has been so definitely established that the general his- 
tory of a sample can often be determined from those present. Because of 
the limited use that has been made of microscopic counts with butter, most 
of the information on the significance of various morphologic types of or- 
ganisms in this product has been adapted from the information available 
on milk. This procedure has been very helpful, but the conditions en- 
countered in the production and handling of butter differ so greatly from 
those encountered by milk that the studies on milk cannot be expected to 
supply all the information desirable with butter. 

In the microscopic examination of numerous samples of butter, it was 
noted that certain of them contained many long chains of streptococci, some- 
times with from 50 to 100 cells per chain. These chains occurred princi- 
pally in unsalted or in very low salted butter and, from the manufacturing 
records available, it appeared they were present only in butter in which 
butter culture had been used. Unsalted butter from a plant in northern 
Iowa that frequently supplied samples for examination always showed 
many excessively long chains; this plant had excellent raw material and 
used culture regularly. It seemed probable that the long chains of strepto- 
cocci found in butter were the result of the growth of butter culture 
organisms although in general they were longer and, in proportion to the 
pairs and short chains, much more numerous than in butter culture. 

In order to study the growth of butter culture organisms in butter and 
to confirm or disprove the general assumption that the unusually long chains 
of streptococci encountered in unsalted butter were butter culture organ- 
isms, butter was made and examined after various holding periods at a 
temperature favorable for the growth of the butter culture types. Some 
of the churnings were on a laboratory scale and involved the use of mixtures 
of cream and milk cultures of either Streptococcus lactis or one of the citric 
acid fermenting streptococci (Streptococcus citrovorus and Streptococcus 
paracitrovorus), while others were on a commercial seale and involved the 
use of mixtures of cream and butter culture; salted and unsalted butter 
from each churning were studied. 
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The decreases in the microscopic counts of butter that were sometimes 
secured during seven days holding at 21° C. suggested a study of the 
changes in the microscopic counts of butter held under commercial storage 
conditions. 

METHODS 


The plate counts were made with beef infusion agar, using an incuba- 
tion of four days at 21° C. In counting the plates the colonies were divided 
into two groups, those that suggested streptococci and those that did not. 
The microscopic counts were made with the method proposed by Hammer 
and Nelson.? The cells counted were divided into two groups, those that 
suggested streptococci and those that did not. The identification of the 
streptococci with either the plate or microscopic method was undoubtedly 
open to considerable error, but a separation into the two groups of organ- 
isms was necessary in studying the growth of the butter culture types. The 
streptococci that survived the pasteurization of the cream may have been a 
complicating factor but the thermophilic nature of these organisms un- 
doubtedly greatly limited their growth at 21° C. 


EXPERIMENTAL 


Butter Churned under Laboratory Conditions 


The butter prepared under laboratory conditions was made from sweet 
eream pasteurized at 65° C. for 30 minutes, cooled to 4° C. and held for 
two hours, inoculated with 20 per cent of a young skimmilk culture of either 
S. lactis or a citrie acid fermenting streptococcus and churned immediately 
in a small experimental churn designed to agitate about one pint of cream 
in a quart, glass fruit jar. The butter was washed with sterile distilled 
water and worked in a sterile dish with a sterile paddle; part of it was 
left unsalted, while to the remainder enough salt was added so that the 
product contained about 2 per cent. Both plate and microscopic counts 
were made at once and after one, two and seven days at 21° C. 

Salted butter—The counts secured on the salted butter are given in 
table 1. 

In series A the cream used was of poor quality so that the microscopic 
count of the fresh control butter was high, considerable numbers of both 
streptococci and other organisms being present. The corresponding plate 
count showed that the pasteurization was apparently efficient. With the 
addition of a milk culture of one of the butter culture types to the cream, 
both the plate and microscopic counts of the fresh butter were considerably 
inereased; this increase involved principally the streptococci, the plate 
counts of the organisms other than streptococci remaining very low while 


2B. W. Hammer and J. A, Nelson. Bacteriology of Butter II. A method for the 
microscopic examination of butter. Ia. Agr. Exp. Sta. Res. Bul. 137. 1931. 
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the microscopic counts varied considerably from the count on the control 
butter, due presumably to the difficulty of accurately identifying the 
streptococci. During the holding period the number of organisms in the 
control butter showed comparatively little change. With three of the 
organisms used the butter made from inoculated cream showed fluctuations 
in the numbers of streptococci during the holding period by both the plate 
and microscopic counts, but there were no definite trends evident, while 
with the fourth organism each method of counting indicated a definite in- 
crease in the number of streptococci; the organisms not streptococci showed 
fluctuations with both methods of counting but no general change of sig- 
nificance. 

Throughout the examinations the microscopic counts were regularly 
much higher than the plate counts with both the streptococci and the other 
organisms, and the ratio between the two was extremely variable. 

In series B the cream used was of a very good quality, and the microscopic 
and plate counts on the control butter were low when it was fresh and did 
not show significant changes during the holding. The addition of a milk 
culture of one of the butter culture types to the cream greatly increased 
both the plate and microscopic counts of the streptococci in the fresh butter 
while the counts of the other organisms were not significantly influenced. 
During the holding there was a general tendency for a decrease in the 
streptococci with both methods of counting, and the decrease was definitely 
greater on a percentage basis with the plate method than with the micro- 
scopic method. The organisms not streptococci definitely increased during 
the holding with both counting procedures and after seven days some rather 
high counts were secured. 


— 
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The microscopic counts were always higher than the plate counts. In 
the butter made from inoculated cream the microscopic counts of the strep- 
tococci immediately after churning were roughly from three to four times 
the plate counts, but as the butter aged this ratio began to vary widely. 

In both series A and series B the slides made from the fresh butter 
showed the streptococci in pairs and short chains and well stained. With 
the exception of those prepared from the butter in which the citric acid 
fermenter had grown, the slides made after the butter had been held 
showed autolysis of the streptococci which was roughly proportional to the 
length of the holding; the butter in which the organism had grown con- 
tained some rather long chains that showed no evidence of autolysis. 

Unsalted butter—The counts secured on the unsalted butter are pre- 
sented in table 2. 

In series A the microscopic counts on the fresh control butter were high 
and the plate counts low, as with the salted butter. The addition of one 
of the butter culture types to the cream commonly increased both the plate 
and microscopic counts of the fresh butter. The increase involved mainly 
the streptococci, the plate counts of the organisms not streptococci remain- 
ing very low while the microscopic counts commonly showed a slight in- 
erease that was presumably due to the difficulty of identifying the strepto- 
eoeci. The counts on the fresh unsalted butter were higher than the counts 
on the corresponding salted butter. During the holding the control butter 
showed no increase in the plate count of the streptococci, while the butter 
made from inoculated cream showed very striking increases in these organ- 
isms according to both the plate and the microscopic counts, and the maxi- 
mum numbers secured were surprisingly high; one of the plate counts was 
over two hundred million per ml., and several of the microscopic counts 
were in the hundreds of millions while one was over one billion. The 
organisms other than streptococci commonly showed an increase, as deter- 
mined by either the plate or the microscopic counts, in both the control 
butter and that from inoculated cream; the increase was definitely greater 
in the former than in the latter. 

In all the examinations the microscopic counts were considerably higher 
than the plate counts with the ratio between the two rather variable. 

In series B the plate and microscopic counts on the fresh control butter 
were low. Both the plate and microscopic counts were increased by the 
addition of a milk culture to the cream and this increase involved entirely 
the streptococci, counts of the organisms other than streptococci remaining 
low. In general the microscopic counts on the fresh butter were higher 
than the counts on the corresponding salted butter, as was the case in series 
A. During the holding the control butter showed no significant change in 
the number of streptococci while the counts of the other organisms sug- 
gested some increase. In the butter from inoculated cream there were pro- 
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nounced increases in the numbers of streptococci, by both methods of deter- 
mination, and some very high counts were secured. There were also 
pronounced increases in the organisms not streptococci; with this type the 
increases were not evident until considerably later than with the strepto- 
cocci. 

In general the microscopic counts were higher than the plate counts. 

In both series A and series B the slides made from the fresh but- 
ter showed well stained streptococci in pairs and short chains. After one 
day the butter showed longer chains and after two days the chains were 
still longer. The final examination after seven days showed many auto- 
lyzed cells. 


Butter Churned under Commercial Conditions 


The butter churned under commercial conditions was secured from the 
butter laboratory of the Iowa State College Dairy Industry Department. 
Sweet cream was pasteurized in the late afternoon at 62.8° C. for 30 min- 
utes, about 10 per cent of butter culture added and then held below 10° C. 
until the next morning when it was churned. The unsalted butter was 
taken at the time of the first moisture test, which was after the butter had 
been worked a few revolutions following the draining of the wash water, 
and the salted butter at the completion of the working process; the salt con- 
tent was about 2 per cent. The unsalted and salted butter from a churning 
were given the same number. Butter made from the same lots of cream 
but without butter culture was not available. The microscopic counts ob- 
tained on both the salted and unsalted butter immediately after churning 
and after one, two and seven days at 21° C. are given in table 3. 

Salted butter—With the salted butter the microscopic counts of the 
organisms suggesting streptococci varied from 5,250,000 to 18,000,000 per 
ml. immediately after churning and from very few to 7,000,000 when the 
butter was seven days old. The counts of the organisms not suggesting 
streptococci ranged from very few to 5,750,000 per ml. immediately after 
churning, and from 2,750,000 to 15,000,000 after seven days. The general 
change in the numbers of streptococci, as shown by the microscopic counts, 
was a decrease that was commonly extensive; with certain samples this was 
very regular while with others some fluctuation occurred. With several 
samples there was a suggestion of a small increase in the numbers of strep- 
tocoeci after one day, but the evidence was not at all convincing. The 
microscopic counts of the organisms that were not streptococci indicated 
that with some samples there was little change in numbers while with others 
conspicuous increases occurred, especially toward the end of the holding 
period. 

Plate counts were also made on the samples of salted butter. These 
were regularly much smaller than the microscopic counts but showed the 
same general changes in the numbers of organisms. 
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Butter churned under commercial conditions and held at 21° C. 


TABLE 3 
Microscopic count secured on butter churned from cream to which butter culture 


had been added 


BACTERIA PER ML. OF BUTTER 


SAMPLE | 
NUMBER | TYPE OF ORGANISM | aT ONCE | | 2pays_ | 7 pays 
| Salted Butter ? 
Suggesting streps. | 12,250,000 7,500,000 8,000,000 4,750,000 
1 Not suggesting streps. | 1,500,006 | 1,000,000 1,500,000 2,750,000 
| | 
Suggestion streps. 2,250,000" 18,250,000 5,250,000 1,000,000 
: 2 | Not suggesting streps. 1,500,000 | 2,750,000 2,250,000 10,250,000 
| 
| Suggesting streps. 18,000,000 9,500,000 3,250,000 2,000,000 
3 | Not suggesting streps. 5,750,000 2,750,000 4,750,000 15,000,000 
| 
| Suggesting streps. 10,250,000 | 8,000,000 5,250,000 very few 
+ | Not suggesting streps. very few 2,250,000 1,000,000 3,750,000 
Suggesting streps. 6,500,000 7,000,000 3,750,000 2,250,000 
5 | Not suggesting streps. 1,000,000 | 1,000,000 3,250,000 8,000,000 
| Suggesting streps. 15,000,000 9,500,000 7,500,000 | 2,750,000 
6 | Not suggesting streps. 4,750,000 3,250,000 4,750,000 7,000,000 
| Suggesting streps. 16,500,000 | 18,250,000 | 14,500,000 | 7,000,000 
7 | Not suggesting streps. 3,750,000 | 4,250,000 2,750,000 | 3,750,000 
Suggesting streps. 5,250,000 | 7,500,000 7,000,000 4,750,000 
8 Not suggesting streps. 4,750,000 2,250,000 | 2,750,000 3,250,000 
Unsalted Butter | | 
Suggesting streps. 17,500,000 32,500,000 | 49,500,000 | 32,500,000 
1 | Not suggesting streps. 5,250,000 4,750,000 7,500,000 | 25,000,000 
ie Suggesting streps. | 15,500,000 29,750,000 | 110,500,000 | 128,000,000 
2 | Not suggesting streps. | 1,500,000 4,250,000 | 19,250,000 | 55,000,000 
| 
| Suggesting streps. 26,750,000 53,750,000 | 64,500,000 | 26,750,000 
3 | Not suggesting streps. 8,500,000 3,750,000 | 4,750,000 | 218,000,000 
Suggesting streps. 10,750,000 42,250,000 48,250,000 29,750,000 
: + Not suggesting streps. 2,750,000 3,000,000 11,250,000 55,500,000 
Suggesting streps. 5,250,000 26,750,000 | 34,750,000 42,250,000 
5 Not suggesting streps. 1,000,000 3,250,000 | 3,250,000 17,000,000 
Suggesting streps, 9,500,000 32,500,000 42,750,000 37,750,000 
6 Not suggesting streps. 1,250,000 7,000,000 | 9,000,000 | 108,250,000 
Suggesting streps. 16,000,000 27,250,000 14,000,000 11,250,000 
7 Not suggesting streps. 2,750,000 8,500,000 37,750,000 | 137,500,000 
Suggesting streps. 10,750,000 16,000,000 | 37,750,000 28,250,000 
8 Not suggesting streps. 3,250,000 7,500,000 | 43,250,000 109,250,009 


The streptococci in the slides made from the fresh butter were well 


with age. 


stained and arranged in pairs and very short chains while those in the slides 
made after one, two and seven days were, for the most part, poorly stained 
and appeared to be autolyzed, the autolysis apparently having increased 
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Unsalted butter—With the unsalted butter the microscopic counts of 
the organisms suggesting streptococci varied from 5,250,000 to 26,750,000 
per ml. immediately after churning, and from 11,250,000 to 128,000,000 
after seven days, while the counts of the organisms not suggesting strepto- 
eoeci varied from 1,000,000 to 8,500,000 per ml. immediately after churn- 
ing, and from 17,000,000 to 218,750,000 after seven days. A pronounced 
increase in the streptococci was noted with all the samples; with some sam- 
ples the maximum count secured was after seven days while with others it 
was earlier. There was also a pronounced increase in the organisms not 
suggesting streptococci and in all cases the highest count secured was after 
seven days. The numbers of organisms suggesting streptococci exceeded 
the numbers not suggesting streptococci immediately after churning and 
after one day, but the latter type exceeded the former with two samples 
after two days and with five samples after seven days; counts of over 
100,000,000 per ml. were encountered more frequently with the organisms 
not suggesting streptococci than with those suggesting streptococci. 

Plate counts were also made on the unsalted butter and were regularly 
smaller than the microscopic counts but showed the same general increases 
in both the streptococci and the other organisms. 

The slides prepared from the butter immediately after churning showed 
the streptococci in pairs and short chains while those prepared after one 
day showed definitely longer chains, and those prepared after two days 
showed large numbers of very long chains some of which contained over 
100 cells. In the slides made after seven days the streptococci were 
greatly autolyzed and the ¢hains seemed to be shorter than after two days. 


Changes in Microscopic Counts under Commercial Storage 
Conditions 


The decreases in the microscopic counts and the pronounced autolysis 
of certain cells that were sometimes noted when butter was held at 21° C. 
for seven days suggested a consideration of the changes in the numbers and 
the appearance of the organisms in butter held under commercial storage 
conditions. 

Samples of butter from various commercial sources were placed at — 20° 
C. following seven days holding at 21° C. Microscopic examinations of the 
butter were made when the butter was placed at the low temperature and 
again after holding for from 150 to 171 days. 

With 18 samples of salted butter the microscopic counts varied from 
9,500,000 to 763,000,000 per ml. when placed at —20° C. and from 4,250,000 
to 58,750,000 at the end of the storage period. The decreases in the counts 
with the individual samples varied from 2 to 97 per cent and averaged 64 
per cent. With 11 samples of unsalted butter the microscopic counts 
ranged from 30,500,000 to 1,750,000,000 per ml. when stored at —20° C. and 
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from 16,000,000 to 219,250,000 when removed from storage. The individ- 
ual samples showed decreases in counts from 7 to 98 per cent and the aver- 
age was 74 per cent. In both types of butter the largest decreases in the 
microscopic counts occurred with the samples having the highest counts at 
the time they were placed at —20° C. and with the unsalted butter the small- 
est decreases occurred with the lowest initial counts, but this relationship 
did not hold with the salted butter. The sample of salted butter showing 
a decrease of only 2 per cent contained many micrococci. With both the 
salted and unsalted butter there was a larger percentage of the cells that 
stained poorly and more conspicuous under-staining after the storage at 
—20° C. than before. The individual samples of butter showed the same 
general morphologic types of organisms at the beginning and at the end of 
the storage. 
DISCUSSION OF RESULTS 

The data secured indicate that in general the butter culture streptococci 
developed comparatively little or not at all in salted butter, even when held 
at a favorable growth temperature. Although with one of the citric acid 
fermenting streptococci studied by adding a pure culture to the cream be- 
fore churning there was some growth, as shown by both plate and micro- 
scopic counts, the growth was much less than in the corresponding unsalted 
butter. In some lots of salted butter the organisms other than streptococci 
developed and eventually showed rather large numbers while in other lots 
they did not. Presumably this difference was due to variations in the 
species present. 

In the unsalted butter held at a favorable growth temperature there was 
a definite development of the butter culture streptococci and often surpris- 
ingly large numbers were present. This growth was evident from both 
plate and microscopic counts on butter prepared in the laboratory using a 
pure culture of S. lactis or one of the citric acid fermenting streptococci 
and also on butter prepared under commercial conditions using butter cul- 
ture. The growth resulted in the presence of long chains of streptococci, 
and these chains were striking evidence of development since they were not 
found in the salted butter or in the butter (salted and unsalted) made with- 
out the addition of organisms to the pasteurized cream. In the unsalted 
butter there was also extensive growth of the organisms other than strep- 
tocoeci, as shown by both plate and microscopic counts. 

It appears that large numbers of unusually long chains of streptococci 
in butter are ordinarily butter culture organisms, although under certain 
conditions it is possible that other species may give the same morphologic 
picture. The presence of the long chains in butter apparently requires 
growth of the organisms in the butter since in fresh butter only pairs and 
short chains were found. Long chains in the butter culture used would 
undoubtedly be broken up during the churning. It seems probable that the 


| 
4 


STUDIES ON THE BUTTER CULTURE ORGANISMS IN BUTTER 385 


conditions in butter result in the butter culture organisms forming longer 
chains than when they grow in milk. 

The microscopic counts were in general considerably higher than the 
plate counts with both salted and unsalted butter. While this relationship 
was influenced somewhat by the dead but still stainable organisms orig- 
inally present, there was also a big difference when allowance was made for 
these organisms. In some cases after several days holding the differences 
were surprisingly large and were presumably due to the death of some of 
the organisms that had developed in the butter. Considering the very long 
chains of butter culture streptococci that were often present during the 
active growth period of these organisms, extensive differences between the 
plate and microscopic counts would be expected, but the differences may 
have been considerably reduced by the breaking up of the chains during 
the plating process. 

The higher counts on fresh unsalted butter than on fresh salted butter 
from the same churnings have been previously noted in comparisons made 
at the Iowa Agricultural Experiment Station. These variations may be 
due to different factors, such as the rapid destruction of organisms by the 
salt, ete. 

In considering the differences between salted and unsalted butter, it 
must be recognized that there are wide variations in the per cent of salt 
added to butter so that a simple division into salted and unsalted butter is 
not entirely satisfactory in dealing with the growth of organisms in this 
product. 

The results secured on butter held at 21° C. indicate that pronounced 
decreases in the microscopic counts may occur, due presumably to an auto- 
lysis which destroys the stainability of some of the cells. The trials with 
both salted and unsalted butter show that a comparable decrease in count 
may occur in butter held at —20° C. 


CONCLUSIONS 


1. In general in salted butter held at a favorable growth temperature 
the butter culture streptococci developed little or not at all. One of the 
citric acid fermenting streptococci studied showed some development but 
distinctly less than in the unsalted product. The organisms other than 
streptococci sometimes showed growth and sometimes did not, the difference 
presumably being due to the variations in the species present. 

2. In unsalted butter at a favorable growth temperature the butter cul- 
ture organisms developed extensively, as was evident from both plate and 
microscopic counts. The most striking evidence of this growth was the 
appearance of long chains of streptococci in the butter. The organisms 
other than streptococci regularly showed extensive growth. 

3. The microscopic count of butter held at 21° C. was often less after 
one week than at some previous time. During an extended holding at —20° 
C. there was commonly a rather large decrease in the microscopic count. 
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THERMOPHILIC STREPTOCOCCI AS STARTERS FOR 
SWISS CHEESE 


W. C. FRAZIER, L. A. BURKEY, K. J. MATHESON anp P. D. WATSON 
Research Laboratories, Bureau of Dairy Industry, U. S. Department of Agriculture 


Most of the methods used in the manufacture of Swiss cheese are em- 
pirical, the result of years of experience in making Swiss cheese rather than 
the result of systematic experimentation. Pure cultures of Lactobacillus 
casei Bergey (Bacterium casei E. Freudenreich) or Thermobacterium hel- 
veticum Orla-Jensen have been used as starters both in Switzerland and in 
the United States for many years, but in both countries the important 
Streptococcus thermophilus is usually added either by contamination or by 
use of the mixed culture, found in whey from the kettle after dip- 
ping, either as a starter or in the preparation of ‘‘natural’’ rennet with 
stomachs. With these methods there is no certainty of the presence of the 
thermophilic streptococci in the desired number or in the desired stage of 
growth; and there is no assurance that the most desirable strain of the 
organism is present. There is, moreover, the danger that undesirable 
organisms such as yeasts, gas-forming bacteria and certain lactate-ferment- 
ing bacteria may be present in the kettle whey and more than counteract 
the benefit from the presence of S. thermophilus. 

Many cheese makers have been using a mixed culture of L. casei and 
S. thermophilus as a starter for most of their cheese, when they thought 
that they were adding a pure culture of L. casei. Almost immediately on 
receiving the pure culture of ZL. casei they have contaminated it with 
thermophilic streptococci and have maintained a mixture of cocci and rods 
in subsequent transfers. Fortunately for the cheese maker the contaminat- 
ing coccus is usually a desirable one, but obviously the proportion of rods 
and cocci must vary considerably from time to time. Investigations have 
shown that most of the apparatus in the cheese factory, especially the clari- 
fier, separator and dipping cloths, may serve as sources of the cocci. 

There is no doubt but that methods which have been used for years in 
the cheese factories caused the presence of the thermophilic streptococci in 
varying amounts in the kettle milk. The return of unsterilized whey in the 
milk cans and the use of kettle whey in the preparation of rennet brought 
about this result. 

In Switzerland trouble with bitter cheese was encountered when pure 
cultures of L. casei were used as starters. Peter (1) (2) first observed that 
the use of ‘‘Sirte’’ or kettle whey starter got rid of this trouble, and im- 
proved the general quality of the cheese. He noted the presence of strep- 
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tocoeci and recommended a daily microscopic examination of the whey to 
see that a good mixture of rods and streptococci was present. Similar re- 
sults were reported by Kiirsteiner (3) (4) (5). Experiments by Kiir- 
steiner (6) indicated that it was not necessary to heat the whey above the 
kettle cooking temperature before incubation, unless the whey was heavily 
contaminated with yeasts. He also reported that the addition of grains of 
eurd from the kettle was not necessary, although a more acid starter was 
obtained in this way. 

The method of preparation of the kettle whey culture, ‘‘Fettsirten- 
kiisereikultur’’ or ‘‘FSKK,’’ is as follows (7): Five liters of kettle whey 
are cooled to 30° C. and 200 ec. of normal cheese culture (ZL. caset) are 
added ; incubation is at 30° C. for about 40 hours. 

Kiirsteiner (8) recommends the use of a starter containing thermophilic 
streptococci when a fermentation test of the kettle milk shows a ‘‘cheesy’’ 
eurd with more or less whey, but not when the milk gives a solid, jelly-like 
eurd or is overripe. He states (3) that use of the kettle whey starter is 
necessary when the whey is sent back in separate cans instead of in the milk 
eans or when the whey is pasteurized at a high temperature before its re- 
turn. 

EXPERIMENTAL 


Results of field work in Ohio by Robert Hardell of this Bureau in 1927 
had indicated that the use of ‘‘raw whey”’ or incubated kettle whey in 
cheese caused better draining of the cheese on the press and as a result a 
better quality of cheese. From this whey a pure culture of Streptococcus 
thermophilus was isolated and called strain ‘‘H’’ (9). Similarly strains 
**C,’’ (9) and ‘‘C,’’ (10) were isolated from kettle whey at these labora- 
tories. These three strains of 8S. thermophilus have been used in all of the 
work reported below, although similar strains have been isolated from whey 
samples from New York and Wisconsin. For comparison ‘‘raw whey’’ 
starter has been used in some cheese. 

The small experimental cheeses made at Washington, D. C., averaged 
from 50 to 55 pounds in green weight. The cheeses made in the Grove City 
Creamery at Grove City, Pa., and those made at Sugerereek, Ohio, were 
large with a green weight of from 160 to 200 pounds. ‘‘Parallel’’ (11) 
experiments were always conducted, in which the milk was mixed and 
evenly divided into two or more kettles. 

Experiments to be reported in a later paper have shown that S. ther- 
mophilus increases in numbers in the kettle, but makes its largest change 
in numbers soon after the cheese has been dipped. The result of the in- 
erease in cocci is an increase in acidity as is shown in figure 1. In this 
figure hydrogen-ion concentrations have been plotted against time in hours 
from the time the cheese was dipped. The action of the streptococci is seen 
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in the much more rapid rise in acidity in the first few hours in the cheese 
made with 39a starter (L. casei) plus the ‘‘C,’’ starter (S. thermophilus) 
than in the cheese made with 39a starter alone. The rise in acidity shown 
in the lower curve after the eighth hour is due to the start of growth and 
action of the 39a organisms. 


Experiments at Washington, D. C. 


Over 167 pairs of cheeses have been made with L. casei starter alone in 
the control cheeses and L. caset and S. thermophilus starters in the 
test cheeses. The amount, proportion, age, incubation temperature and 
previous treatment of the starters were varied. The cocci and rods were 
grown together and separately, in whey or in milk, and each of the three 
strains of S. thermophilus, ‘‘C.,’’ ‘‘ C,’’ and ‘‘H,’’ was tried. Rennet ex- 
tract and eyeformer culture were used in all cheese. 

The object of most of the earlier experiments was to find the best method 
for use of the cocci and not to show the superiority of the cheese made with 
the cocci. Consequently a summary of the results with all of the cheese 
would not show the marked improvement brought about by proper use of 
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the thermophilic streptococci. In some of the earlier experiments no pre- 
cautions were taken to prevent heavy contamination of the milk with 
thermophilic streptococci from clarifier, separator and other equipment. 
As a result many of the ‘‘control’’ cheeses were made with milk which con- 
tained a number of these cocci and the cheeses were practically ‘‘coccus’’ 
cheese. The addition of a S. thermophilus starter to such a milk might 
result in an excess of the cocci. 

The milk used in most of these experiments had a comparatively low- 
count of bacteria, with few or no Streptococcus lactis organisms, a few ud- 
der cocci and varying numbers of Aerobacter aerogenes. Miik of this type 
has been considered poor for Swiss cheese manufacture. The milk would 
be called ‘‘dead’’; the methylene blue reduction time was usually well over 
six or seven hours. The aerogenes type of gas bacteria present is consid- 
ered especially undesirable in milk for Swiss cheese. 


**Raw’’ Whey as a Starter 


When whey, taken from the kettle just before dipping and incubated, 
was used in addition to the usual 39a (L. caset) milk starter, an improve- 
ment in the quality of the cheese usually resulted. This whey was similar 
to the ‘‘Sirte’’ used by the Swiss workers, except that no additional L. casei 
(39a) was added. We have called it ‘‘raw whey”’ to differentiate it from 
kettle whey which has been pasteurized before incubation. 

Table 1 shows results obtained with 5 pairs of May cheese in an experi- 
ment in which } per cent of a milk starter of 39a (L. casei), grown for 12 
hours at 37° C., was used in the control cheese, and ;*; per cent of the same 
39a culture plus ;y per cent of raw whey, incubated for 20 hours at 37° 
C., was added to the test cheese. The raw whey contained numbers of cocci, 
mostly in pairs, and few rods. 

The test cheeses, made with raw whey, were superior to the con- 
trol cheeses in all of the pairs in the experiment from which the results in 
the table were obtained. This relationship does not always hold, however, 
for the raw whey cheese is sometimes of much poorer quality than the 
cheese receiving no raw whey starter. In the summary in table 2 15 pairs 
of cheese with and without raw whey starter are compared. The cheeses 


TABLE 2 
Comparison of cheese made at Washington with ‘‘raw whey’’ and L. casei starters (test) 
with cheese made with L. casei alone (control) 


GRADE | SCORE EYES FLAVOR | TEXTURE an 
Test better than control ... 12 13 14 8 ll | 3 
Test same as contro) ................. 1 0 0 7 4 4 
Test worse than control ....... 2 2 1 0 0 | 8 
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made with raw whey were consistently better in grade, score, eyes, flavor 
and texture, but were more subject to checking and glass. These results 
are comparable to those obtained in experiments with pure cultures of 8. 
thermophilus to be reported below. Trouble with checking and glass due 
to the use of 8. thermophilus can be eliminated by proper use of the coccus 
cultures, as will be pointed out in a later paper. 


Pure Cultures of 8. thermophilus as Starters 


In table 3 results with 5 pairs of August cheeses are shown in which 
cheeses made with a 12-hour, 37° C. 39a milk starter alone (4 per cent) 
are compared with cheeses made with the 39a starter (45 per cent) plus a 
12-hour, 37° C. milk starter of the ‘‘C,’’ coceus (35 per cent). It will be 
observed that in three of the five pairs of cheeses, the cheeses made with 
**C,”’ cocci were markedly superior in grade, score, eyes and texture. 
Similar data were obtained from cheeses made with the ‘‘H’’ or with the 
**C,”’ coecus. 

In general better results have been obtained by use of the ‘‘C,’’ strain 
than by use of the ‘‘H’”’ or of the ‘‘C,’’ strain, although numerous examples 
of success and failure with each strain could be cited. Such failures 
as occurred must be attributed to lack of knowledge at that time of the 
proper way to use these 8S. thermophilus starters. 

The three strains of this coccus act differently, however. This is indi- 
cated by the summary of results shown in table 4. The experiments chosen 


TABLE 4 
Comparison of results of the use of three different strains of S. thermophilus as starters 
Coccus starter used in test cheese 


GRADE SCORE EYES | TEXTURE 
| 

| Test better thancontrol | 7 9 10 | 4 3 | 3 

C; | Testsameascontrol..... | 2 0 o| 7 5 2 
| Test worse than control | 2 2 gi: ¢ 3 | 6 

Test better thancontrol | 0 0 1 | 7 4 0 

C, | Testsameascontrol....| 4 
Test worse than control | 6 Sie) | 

| Test better thancontrol | 5 3 

H_ | Test same as control....... | 3 6 | 4 
Test worse than control | 1 


for this summary were as nearly comparable as possible: the cheeses were 
made at about the same season of the year, and approximately the same 
proportion of starters were used. The ‘‘H’’ coccus resembles ‘‘C,’’ in most 
of its characteristics and acts similarly in cheese. Both these strains usually 
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produced an improvement in grade, score, eyes and flavor of the cheese, but 
seemed to cause more checking and glass than there was in the control 
cheese. The ‘‘C,’’ coceus did not improve the score, grade or eyes in these 
experiments and caused more checking and glass than the other two strains. 
As will be shown in a later paper, the ‘‘C,’’ coceus differs from the ‘‘C,’’ 
and ‘‘H’’ strains in many characteristics. Under certain conditions, how- 
ever, the use of ‘‘C,’’ coeecus has brought about marked improvement in 
the cheese. 

Figure 2 shows a pair of cheeses made at Washington. ‘‘C,”’ starter 
was used in cheese number 872 and no S. thermophilus was added to cheese 
number 872-1. The cheese made with the coceus starter showed improve- 
ment in eye formation and in general quality, but also a tendency toward 
checking and glass. These cheeses were made from a milk which contained 
a number of gas forming organisms. 


Figure 2. PAIR OF CHEESES MADE AT WASHINGTON, D. C. LOWER CHEESE RECEIVED 
S. thermophilus STARTER; UPPER CHEESE RECEIVED NONE. 


Experiments at Grove City, Pa. 


The cheeses made at Grove City had an average green weight of about 
165 pounds. The milk used was richer than is usually recommended for 
Swiss cheese, the percentage of fat varying from 4.1 to 5.1 per cent at differ- 
ent times during the past three years. This made difficult the standardiza- 
tion to a definite fat-to-casein ratio. The curd was different from the type 
usually found in areas of Swiss cheese manufacture in this country, where, 
as a rule, Holstein cattle are the predominating breed. 

The milk used in most of the experiments had a fairly large total num- 
ber of bacteria, a large number of gas forming bacteria and relatively small 
numbers of lactic bacteria as evidenced by a long methylene blue reduc- 
tion time. 


q 


395 


ron | o's pooS 3, poos | t 3-8-2 
Aouvy 100g | 0'06 poos euou poos I-€-2 
ON | 0°92 prq ouou | pood t I-8-¢ 
jevedg yo 1s euou poos 003 } I-l-¢ 
foun gy 0°26 poos | t 


8n9909 snjd DEE DEG 22019 4D apow asaaygD 


| 


396 W. C. PRAZIER, L. A. BURKEY, K. J. MATHESON AND P. D. WATSON 


Altogether 86 pairs of cheeses were made in which the 39a starter alone 
was compared with the 39a starter plus ‘‘C,’’ coccus starter. Table 5 
shows data from 5 pairs of these cheeses and table 6 summarizes the results 


TABLE 6 
Comparison of results from 86 pairs of cheese at Grove City ; 39a starter alone in control ; 
39a and ‘‘C,’’ starters in test 


GRADE | EYES FLAVOR —— 
Test better than Control..........cccccccooce 45 | 59 | 23 13 ; 
Test same as control............. 25 16 59 | 50 
Test worse than control 16 11 4 23 


from the 86 pairs. It will be observed that in these larger cheeses the use 
of the ‘‘C,’’ coceus produced a general improvement in grade, eyes and 
flavor, but with the usual increase in checking and glass. Figure 3 is a 
photograph of one of the pairs of cheeses described in table 5. 

As used, the ‘‘H’’ coceus did not produce good results in the Grove 
City cheeses. A total of 52 pairs of cheeses made from August to January, 
inclusive, showed a better average quality in the cheeses made without the 
‘*H’’ eoceus. The milk was very poor during this period and all of the 
cheeses were of low average grade. 

No experiments were conducted to determine the effect of the ‘‘C,’’ 
coecus, but this culture has been used successfully in a number of Grove 
City cheeses. 

Experiments with large cheeses in a commercial factory at Sugarcreek, 
Ohio, showed that, when properly used, the ‘‘C,’’ and ‘‘C,’’ cocci improved 
the average quality of the cheese. 


Comparison of Cheese Made with Raw Whey and With Pure Cultures 
of Streptococcus thermophilus 


Experiments for the purpose of comparing the ‘‘raw whey’’ starter and 
the pure cultures of coccus showed no special advantage for either starter. 
A series of 12 pairs of large cheeses at Grove City gave: 4 pairs in which 
the cheeses made with ‘‘raw whey’’ were superior, 4 pairs in which the 
cheeses made with ‘‘C,’’ coceus were superior, and 4 pairs in which there 
was practically no difference in quality. Similar results were obtained 
with the small experimental cheeses at Washington. It seemed, however, 


that when a cheese made with ‘‘raw whey’’ was of low grade, it was very 


badly undergrade. That is, the cheese was usually either good or very 
poor. 
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DISCUSSION 


In considering the above data it should be remembered that the experi- 
ments were not always for the purpose of showing the advantages of use 
of 8. thermophilus and included a great number of variations in propor- 
tion, age and activity of starters, in milk, season of the year, strain of 
coccus, ete. Subsequent work has shown that the coccus cultures were im- 
properly used in many of the experiments. Yet the results from these 
various experiments point to the same general conclusion: that the use of 
a starter of 8S. thermophilus in addition to the L. casei starter improved the 
quality of the cheese. Experience has shown that starters should be dif- 
ferent for small cheeses than for cheeses of normal size, a fact that was 
not taken into consideration in these early experiments. 


Figure 3. PAIR OF CHEESES MADE AT GROVE City, PA. UPPER CHEESE RECEIVED 
S. thermophilus STARTER; LOWER CHEESE RECEIVED NONE. 


The tendency toward glass and checking in cheese made with the cocci 
ean be overcome by proper use of the culture. The method of use of pure 
cultures of coccus, based on tests on the milk and on the cheese in the press, 
will be discussed in a later paper. 

So-called pure culture methods for making Swiss cheese are growing in 
favor both in Europe and in the United States. Yet these are not strictly 
pure culture methods, for the L. casei starters are the only ones made with 
pure cultures, except in the few factories where pure cultures of propionic 
acid bacteria are used. The other important starter organism, S. thermo- 
philus, either is not added at all, is added by chance, or is added in the 
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mixed culture of uncertain characteristics found in incubated whey from 
the cheese kettle. Sometimes this kettle-whey starter is satisfactory, often 
it is not fit for use, and at the best it is uncertain. Pure cultures of 
S. thermophilus, as well as starters made by growing the L. casei and 
S. thermophilus together, have been used successfully in making small ex- 
perimental cheese and large commercial cheese. Pure culture methods 
should include the use of pure cultures of S. thermophilus as well as of 
L. casei. 


SUMMARY 


Over 350 pairs of Swiss cheese were made at these laboratories, at a 
Pennsylvania factory and at an Ohio factory, for the purpose of com- 
paring cheese made with L. casei (39a) starter alone with cheese made 
with both L. casei starter and S. thermophilus starter. The following con- 
clusions were drawn from the experiments: 


1. Under most conditions the use of starters containing Streptococcus 
thermophilus improved the quality of the cheese. 

2. The improvement was most marked in eye-formation, texture and 
flavor. 

3. Many of the cheeses made with the S. thermophilus starters showed 
a tendency toward checking and glass. 

4. The cheese made with ‘‘raw’’ or kettle whey starter showed no 
superiority over the cheese made with pure cultures of S. thermo- 
philus. 

5. The use of pure cultures of S. thermophilus avoids the uncertainty 
inherent in the use of ‘‘raw’’ whey starters. 

6. Different strains of 8. thermophilus, which had been isolated from 
Swiss cheese whey, were tried as starters and acted differently 
in the cheese. 
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THE DETERMINATION OF THE BITTER SUBSTANCE IN 
‘““BITTERWEED” MILK 


NORABELLE D. WEATHERS* 
Tennessee Agricultural Experiment Station, Knorville, Tenn. 


When eaten by cows, bitterweed (Helenium tenuifolium) imparts to 
their milk a disagreeable bitter taste. The bitter taste is intensified when 
‘*bitterweed’’ milk is evaporated in condenseries. Bitterweed milk is, 
therefore, unusable either as a direct food or as a processed product. It 
has been shown, however, that the water-soluble principle may be removed 
from the cream by washing with skim milk or water (3). Since no methods 
for the determination of either its presence or concentration in polluted 
milk were known, an attempt was made to develop a qualitative test and a 
quantitative procedure for the determination of the bitterweed principle. 


QUALITATIVE TEST 


The test developed for use with unaltered milk at room temperature 
was: Introduce 2 cc. of milk into a }-inch test-tube; add 0.2 ec. of picric 
acid (1.2%) and 0.2 ce. of sodium hydroxide (10%). Shake thoroughly, 
and after a few minutes compare with a similarly treated control of normal 
milk. 

The characteristic orange-red color that develops from minute quanti- 
ties of the bitterweed principle is also produced by two normal milk com- 
ponents, creatinine and lactose. All three substances induce the color effect 
immediately at 60°C. At 0° the color development is greatly retarded for 
all three substances. At room temperature lactose develops the orange-red 
color much more slowly than does either creatinine or the bitterweed 
principle. 

This test will detect the presence of one part of the bitterweed prin- 
ciple in 50,000 parts of unaltered milk, whereas taste will register the 
presence of one part in 100,000. It was found, however, that the qualita- 
tive test is much more sensitive in aqueous solutions than in milk itself. 
The quantitative procedure for the bitterweed principle was therefore per- 
fected for use with the aqueous fraction of the milk. 


QUANTITATIVE PROCEDURE 
When natural bitterweed milk was not to be had, normal milk was im- 
pregnated with definite quantities of an aqueous solution of the bitterweed 
principle. In the use of fortified milk for experimental purposes, it was as- 
Received for publication October 18, 1932. 


*The results given in this contribution were obtained under the direction of Dr. 
Margaret B. MacDonald, formerly of this Station. 
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sumed that it was identical with natural bitterweed milk in behavior. To 
obviate the influence of lactose and creatinine, and to obtain an extract 
from the fortified milk so that the percentage recovery of the added bitter- 
weed principle could be determined, the following treatment was carried 
out: The milk was freed from most of its fat by centrifuging. Five ee. 
of centrifuged normal milk that had been fortified with 1 milligram of the 
bitterweed principle was placed in a glass-stoppered graduated cylinder 
and treated with 1 ce. of ammonium hydroxide, (sp.gr. 0.96) and 5 ee. of 
ethyl alcohol (95% ), as prescribed in the Gottlieb method (4) for the deter- 
mination of milk fat. Thirty-five ec. of ether was added, and the cylinder 
was stoppered and shaken vigorously. The mixture was allowed to stand 
until the lower layer was free from bubbles and the upper layer (39 ec.) 
of ether-aleohol solution was recovered. One-half of this was transferred 
to a 50-ce. Erlenmeyer flask, as in the Gottlieb method (4), and the ether 
distilled. The flask was then cooled below the solidification temperature of 
the fat that had not been removed by centrifuging. To this residue were 
added 5 ce. of pure water, 1.5 ec. of picrie acid solution (1.2%), and 1.5 ee. 
of sodium hydroxide solution (10%). The mixture was agitated, allowed 
to stand five minutes, washed into a 100-ce. flask, made to volume, and 
thoroughly mixed. A fraction of the solution was filtered to remove last 
traces of fat, and compared with a standard solution of the bitterweed prin- 
ciple in a Klett colorimeter. By the foregoing procedure it was intended 
to establish the recovery to be expected when a definite quantity of the pure 
bitterweed crystals was added to normal milk. An average of six deter- 
mination represented 97.1 per cent. of the amount of the crystallized bitter- 
weed principle that had been added to and subsequently extracted from the 
normal milk. 


COLOR STANDARDS 


In these recovery tests, and numerous other comparisons, the color re- 
action was secured by the bitterweed principle that had been extracted from 
the bitterweed plant and purified by crystallization. Since this purified 
principle would not be obtainable ordinarily, substitute standards were 
sought. From the studies by Folin (1) and by Greenwald and Gross (2) 
it was shown that practically the same color effect is produced by creatinine 
and by picramic acid. 

The creatinine standard was made by dissolving 0.035 gram of ceratinine 
in 35 ee. of 0.1-normal hydrochloric acid and diluting to 100 ee. It was de- 
termined empirically that, when its color is developed by the addition of the 
prescribed amounts of picric acid and sodium hydroxide, this solution is 
equivalent to a 1-milligram-per-ce. solution of the bitter principle. New 
color standards of creatinine are required for each experiment, since the 
color is not permanent beyond thirty minutes. 
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The picramic acid solution was made by dissolving 1.95 grams in 90 ce. 
of water, to which several drops of 10 per cent sodium hydroxide solution 
were added, and then diluting to 100 ce. This solution was found to have 
practically the same color as that produced by the above-mentioned solu- 
tions of bitter crystals and of creatinine. It remains undiminished for 
thirty days. 

The relative values of 1, 0.35, and 1.95 for the bitter crystals, creatinine 
and picramic acid, respectively, were established as a constant when bitter- 
weed crystals were used at the rate of 1, 0.8, 0.6, 0.4, and 0.08 milligrams 
per ee. of color standard, diluted to a constant of 100 ce. before reading. 

TABLE I 


Amounts of bitterweed substance found by use of three standards, (a) actual bitterweed 
crystals, (b) creatinine, and (c) picramic acid 


FOUND 
KNOWN 
Bitter standard Creatinine standard Picramic acid standard 
mg. mg. mg. mg. 
1.200 1.202 1.198 1.180 
1.303 1.294 1.287 1.280 
1.387 1.377 1.353 1.345 


The accuracy of the determination of the bitterweed principle by the 
three standards in aqueous solutions, is shown by the data of Table 1. The 
three known quantities of purified bitterweed crystals were in a constant 
volume of 100 ec. The readings were made in an Epstein micro-sacchari- 
meter. 

SUMMARY 


The presence of the bitter substance imparted to milk by the bitterweed 
(Helenium tenuifolium) can be detected by the characteristic orange-red 
color that develops when contaminated milk is treated directly with solu- 
tions of picrie acid and sodium hydroxide. 

The quantitative determination of the bitterweed principle may be ac- 
eurately made on the alcohol-ether extracts of centrifuged milk by the use 
of standards of purified bitter crystals, or by the use of either creatinine or 
picramic acid standards. 
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American Dairy Science Association Announcements 


The eighth annual meeting of the Western Division was called to order 
by chairman D. R. Theophilus on October 16, 1932, in Portland, Oregon. 
The meeting was held immediately after the Pacific International Livestock 
Exposition. The states of Oregon, Idaho, and Washington competed in the 
Students’ Dairy Cattle Contest which was won by Idaho. There were 
teams from Idaho, Washington, Montana, Oregon and Utah in the Stu- 
dents’ Dairy Products Judging Contest. First place was won by Idaho 
and Washington was second. Papers were presented by Bert Sweeting on 
merchandising milk, by G. Okulitch and N. 8. Golding on the buffer value 
of cow’s milk, by R. E. Hodgson and J. C. Knott on the nutritive value of 
pasture grass, by I. R. Jones on influence of certain feed constituents on 
dairy cattle, by G. H. Wilster on dairy manufacturing research at Oregon 
State Agricultural College, by G. C. Sands on manufacturing cottage cheese, 
by G. H. Wilster on improving Oregon butter, by W. C. Cole on microscopic 
study of ice cream texture, and D. R. Theophilus on standardizing milk for 
cheddar cheese. The minutes of the meeting together with all papers were 
mimeographed and bound. 

The newly elected officers are G. H. Wilster of Oregon State Agricul- 
tural College, chairman, and R. W. Morse, also of Oregon, Secretary- 
Treasurer. 

ANALYSIS OF DAIRY PRODUCTS 


The committee reports on the bacteriologieal analysis of ice cream and 
butter and on the chemical analysis of butter may be secured in one bound 
reprint at 50 cents. The methods have been revised and reprinted this 
year. A copy of the bacteriological analysis of dry milk will be given 
gratis with the first orders for the newly revised reprints, according to Dr. 
R. 8. Breed, Geneva, N. Y., from whom these reprints may be secured. 


A New Associate Editor 


The membership of our Association will be pleased to know that L. 8. 
Palmer will serve as an associate editor of the Journal. His work has 
always been so intimately connected with that of the late C. H. Eckles that 
it is especially gratifying to have him continue this splendid service to the 
Journal. 


Back Numbers of the Journal 


The supply of the January 1932 number of the Journal has been ex- 
hausted. The editor would be pleased to receive copies of this number at 
75 cents each to complete a certain number of volumes for last year as there 
is a continual demand for back volumes. 
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. . no substitute for brains 
... for courage . . . for char- 
acter ... for faith ... or for 
the great commandments. 
These things endure through 
the ages. 

Nor does anything take the 
place of gold . . . of diamonds 
... of sterling . . . of quality. 
And equally certain, there is 
no substitute for 


GENUINE 
VEGETABLE 
PARCHMENT 


in dairy products plants. It 
is the purest, the safest, the 
only practical dairy food pro- 
tection paper made in all the 
world. 

Protect your quality. It is 
your greatest asset. It is safe 
when you use KVP Genuine 
Vegetable Parchment for 
your dairy products. 


Kalamazoo Vegetable Parchment Company 
Parchment (Kalamazoo County) Michigan 


Constant Research 
In This Modern Laboratory 


is establishing new and continu- 
ally higher standards of quality 
for products used in the dairy 
industry. 


Send for FREE working samples 
of Hansen’s Butter Color, Cheese 
Rennet, Cheese Color, and Lactic 
Cultures for classroom work. 


We will gladly furnish envelopes 
containing educational literature 
for all your students, without 
charge. 


4 CHR. HANSEN’S LABORATORY, INC. 
MILWAUKEE, WIS. 


THE SCIENCE PRESS 
PRINTING COMPANY 


Printers of 
Scientific and Educational 
Journals, Monographs and 


Books 


Information furnished and 
detailed estimates submitted 


Lime and Green Streets 
Lancaster, Pennsylvania 


Your advertisement is being read in every State and in 25 Foreign Countries 


5 

| 


JOURNAL OF DAIRY SCIENCE 


JOURNAL OF DAIRY SCIENCE 


OFFICIAL ORGAN OF 
AMERICAN DAIRY SCIENCE ASSOCIATION 


A. C. Danupere, Editor 
Geneva, N. Y. 


Associate Editors 


L. S. PALMER C. W. Larson H. A. RUEHE 
St. Paul, Minn. Buffalo, N. Y. Urbana, Ill. 
E. G. Hastines E. B. MEIcs F. SHARP 
Madison, Wis. Beltsville, Md. Ithaca, N. Y. 
O. F. Hunziker L. A. RoGErs C. E. Gray 
Chicago, Ill. Washington, D. C. San Francisco, Cal. 


Committee on Journal Management 


O. F. Hunziker, Chairman 
Chicago, Ill. 
R. R. GRAVES A. A, BorLAND 
Washington, D. C. State College, Pa. 


The Journal of Dairy Science is issued bi-monthly, appearing in Janu- 
ary, March, May, July, September, and November. Subscription is by 
the volume and one volume is issued per year. 


Manuscripts should be typewritten and carefully revised before sub- 
mission to A. C. Dahlberg, New York Agricultural Experiment Station, 
Geneva, New York. Fifty reprints will be furnished gratis to authors. 
Cost of additional reprints and reprint order blank will be submitted with 
proof. 


Subscriptions. Price; $5.00 per volume in United States, Canada and 
countries within the postal union; $5.50 in countries outside the postal 
union. Prices are net, postpaid. New subscriptions and renewals are 
entered to begin with the first issue of the current volume unless other- 
wise stated. Renewals should be made promptly to avoid a break in the 
series. 


Subscriptions and Advertising should be mailed direct to the Science 
Press Printing Company, Lime and Green Streets, Lancaster, Pennsylvania. 


Correspondence regarding business policies of the Journal should be 
addressed to the Editor. The use of material published in the Journal is 
encouraged and a liberal policy will be followed concerning reproduction 
of articles with proper notation as to source. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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MARSCHALL’S 


for dependable help 
in the cheese vat 


RENNET EXTRACT 
RENNET POWDER 
CHEESE COLOR 
D-S-D Disinfectant 


Samples and detailed information 
gladly furnished 


Marschall Dairy 


Laboratory 
Madison, Wisconsin 
U. 8. A. 


NAFIS 


DEPENDABLE 
GLASSWARE 


Back Numbers 


JOURNAL OF 
DAIRY SCIENCE 


Complete sets of 
volumes 2 to 9 in- 
clusive and 12, 13 
and 14 are available, 
also many individ- 
ual numbers and 
volumes. 
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PROFITS 


are assured with 


NAFIS Scientific Tests 


Creameries today, which produce superior products 
et keep costs down, depend upon Nafis Acidity and 
eductase Tests to safeguard the quality of their 

products. 


Nafis automatic acid- 
ity test—Reads direct 
in percent ACIDITY 
in milk, cream, whey, 
starter and ice cream 
mix. This test may 
also be used to de- 
termine casein con- 
tent of milk. Comes 
complete with direc- 
tions on how to 
operate. 


Nafis Acidity Test No. 448 
Nafis Reductase Test 


for selection of milk 
at its sources accord- 
ing to bacteria con- 
tent. Capacity of 80 
samples handled in 
groups of 16 each in 
5 wire baskets. 
Comes complete with 
directions on how to 
operate. 

Write for copy of our 
descriptive catalog. 


LOUIS F. NAFIS, Inc. 


23 N.Desplaines Street, 
CHICAGO, ILL. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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The Quauity of dairy products can be safe- 
guarded in no better way than by the careful 
selection of the proper cleaning materials. 
That is why there is a family of Wyandotte 
Products, each especially made to do a cer- 
tain type of cleaning superlatively well. 

For over thirty years Wyandotte Products 
have helped the leading deiry products manu- 
facturers of the country produce butter, cheese, 
and milk of higher quality—of a quality that 
brings a premium over the average grades. 


Ask Your Jobber For 


Cleaner and Cleanse’ 


THE J. B. FORD COMPANY 
Wyandotte, Michigan 
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BACTO-BEEF EXTRACT 


Bacto-Beef Extract is prepared expressly for use in making bacteriological culture media. 
It is completely soluble in the concentrations usnally employed for media. Solutions of Bacto- 
Beet Extract have « reaction of pH 6.6 and require no adjustment of reaction when used in 
standard nutrient agar. 

Bacto-Beef Extract is recommended in ‘‘Standard Methods of Milk syscall ‘o3: use in 
preparing the standard agar. 


BACTO-YEAST EXTRACT 


Bacto-Yeast Extract is an excellent growth stimulator for many of the organisms which 
do not develop well on the ordinary culture media. Bacto-Yeast Extract has been recommended 
for use in media for the thermophiles and for the lactic acid organisms, It is completely 
soluble in the usual coneentrations employed in culture media and has a reaction of pH 6.6. 


Specify “Difco” 
THE TRADE NAME OF THE PIONEERS 
Im the research and development of Bacto-Peptone and Dehydrated Culture Media 


Dirco LABORATORIES 


DETROIT, MICHIGAN, U. S. A. 
Bacteriological Division of Digestive Ferments Co. 


Sterilization 
of Utensils 


UIPMENT used in bacteriological 

and other laboratory work can now 
be sterilized without the bother of chemicals or steam. The ESCO 
Electric method is more simple, better in every way than those in 
general use, and adequate for every need. 
In operation the wet equipment is placed in the ESCO Eleetrie Steril- 
izer immediately upon rinsing, and the current switched on.. Further 
action is automatic. 
Bulletin No, 612, N. Y. Experimental Station at Geneva, says that 
200° F. in an ESCO Sterilizer for 10 minutes ‘‘ was. sufficient to kill 
all bacteria of the colon-aerogenes group, dry utensils and reduce 
bacterial contamination to insignificant numbers.’’ 


Descriptive literature gladly sent upon request. . 
ESCO CABINET COMPANY, Manufacturers, West Chester, Pa. 
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